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The Narrowband Tape Recorders ( Y B T R )  use d i g i t a l  l o g i c  and  l o g i c  l a t c h e s  t o  c c ? l e c t  
and t r ansmi t  d i g i t a l  t e lemet ry  s i g n a l s .  As a r e s u l t ,  tnese  s i g n a l s  a r e  losc, from 
memory ( i .e. ,  l a t c h i n g  i s  c z n c e l l e d )  when NBTR power i s  removed. 
I t  i s  important  t o  be aware t h a t  t a p e  p o s i t i o n ,  BOT, and EOT i n d i s a t o r s  do n o t  
72 
A r e tu rn  t n e i r  former values  when porqer i s  turned OFF and then ON. As a r e s a l t ,  i f  
power i s  t o  be turned OFF,  the  c i i r rent  s l a t e  o f  those ind ica to r s  shouid be lagged.  
When the  recorders  a r e  turned on, t he  t ape  pos i t i on  will no t  read c i r r e c t l y  u n t i l  
the  t a b  on t he  lower ree l  has made two s u c c e s s i v e  passes between the LED and  
p h o t o t r a n s i s t o r  t o  i n i t i a l i z e  the tape  pos i t i on  counter .  
S i m i l a r l y ,  i f  r x o r d e r  F w e r  i s  turned OFF while t h a t  recorder  i s  a t  EOT or E X ,  
when recorder  power i s  l a t e r  turned CN i: w i l l  n o t  i n d i c a t e  507 o r  EOT, e i d  wi l l  
move iri the d i r e c t i o n  CG;;l!nawkd, and \vi11 i n d i c a t e  BOT o r  EOT o n l y  aft.? t h e  ic)cer 
r ee l  t a b  h3s passzd between i t s  LE3 ana  p f c t o t r m s i s t o r  s d i f i c i e n t  times t o  icdicit2 
a tage pos i t i on  i n d f c a x r  vz!ue equal tc? or 125s t h a n  7 G  (BOT) o r  equal i o  or 3reat.1.r 
t h a n  180 (EO:). 70 a n d  130 itre i n  dec : ’ml  n o t a t j c n .  The re.zcr2er w’:l ind:t::c 
E G T  or E O I  a n d  s t o p  t i le recorr‘er ( p u t  i t  i n t o  STWDb’i mod?) o n l y  a f t e r  3 SLiCc?jS;’*J$ 
tape  pos i t i on  i n d i c a t i a n s  o f  S-O or  a i 3 0 .  
d 
. .  . ... . . . . . . .  
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The above a p p l i e s  t o  pr imary 80T and pr imary EOT. 
implemented as windows i n  the t a p e  w h i c h  p a s s  between a LED and p h o t o t r a n s i s t o r .  
As w i t h  pr imary BOT and EOT, secondary BO? and EOT a r e  l o g i c  l a t c h e s ,  and w i l l  
n o t  be r e t a i n e d  w i t h  power OFF. When pawer i s  l a t e r  t u rned  @?I, the r e c o r d e r  will 
move a s  commanded, and w i l l  i n d j c a t e  secondary BOT o r  EOT c n l y  i f  the a p p r o p r i a t e  
window is  passed between the LED and p h o t o t r a n s f s t o r  again.  
T e r t i a r y  BOT and EOT will be r e t a i n e d  du r ing  power OFF, since each i s  a mechanical 
brake and a l s o  a switch mechanism w h i c h  p reven t s  the motor frcm moving t a p e  f a r t h e r  
i n t o  BOT o r  EOT. 
I t  shcu ld  be noted t h a t  a l l  of the above applies o n l y  to primary power OFF. 
and t a p e  p o s i t i o n  i n d i c a t i o n ;  itre r e t a i n e d  when the r e c o r d e r  i s  i n  
Secondarj. BOT and E O 1  a r e  
BOT, ECT 
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The Landsat prcgram had i t s  ori , - in  i n  conceptual  s t u d i e s  and plar?ning pSrfOR2d 
i n  t h e  l a t e  1960'6, c u l d n a t i n g  w _ t h  t h e  launch of Landsat 1 i n  J u l y  of 1912. 
The pragram has focused on t h e  clevelopment and a p p l i c a t i o n  of remote s e r u i n g  
technology from spece t o  assist man i n  h i s  uuderstauding and management tt.2 
ear th 's  r&zources .  The program, by a v a r i e t y  of measures,, hao been an 
unqua1ific.d success .  The number of d a t a  applicatLona has been t e d d i l y  
expanding, with estimates of the  p o t e n t i a l  a m u a l  economic bener ' i t  t o  ths  
n o t i o n  a lone  i n  t h e  hundreds of m i l l i o n s  of d o l r i r s .  By e a r l y  1978, t h e  number 
of o rgan iza t ions  making prac ' i ical  u se  of Landsat imagety had g r o w  t o  over 6G0, 
spread ove r  100 n a t i o n s .  Seven c o u n t r i e s  have i n s t a l l e d  and are Qpera t ing  t h e i r  
own d a t a  r e c e i v i n g  and p rocess ing  s t a t i o n s ;  a t  least t h r e e  more a r e  c u r r e n t l y  
planning i n s t a l l a t i o n s .  Formal r ecogn i t ion  of t h e  program's s i g n i f i c a n c e  c a m e  
i n  1974 wi th  the  award of  t h e  C o l l i e r  Trophy. 
of 
1.1 LANDSAT-D PROJECT OBJECTIVES 
The Landsat-D p r o j e c t  i a  I mafor s t e p  bn zhe o r d e r l y  developaent nud.appii.ca?e,.foo 
of remotely sensed d a t a  frori space t o  mnag6nent of t h e  eezth's r eduurcm.  y t  
w i l l  provide enhawed remote sens fng c a p a b i l i e i e 5  relative t o  e a r l i e r  Londsats 
through improved s e n s o r s ,  wider acquis4. t ion of globe.? data ,  snd mre rapLd 
p r o c a ~ s i n g  of t h e  d a t a  f o r  U E ~ P ~ .  
An instrument  namd t h e  Thematic Mapper w i l l  proTiide t h e  new sens ing  c a p a b f l i t y  
It is i! mechanically scanned radiometer ,  ope ra t ing  i n  seven s p e c t r a l  bands,  w i th  
30-meter s p a t i a l  r e s o l u t i o n .  Frevivus Landsat spacecraf:  c a r r y  radicmeeers w i t h  
8O-meter r e s o l u t i o n  and o p e r a t e  i n  f o x r  o r  f i v e  s p e c t r a l  F-wis. 
The p r o j e c t  w i l l  a160 develop a new, h igh ly  R u t u m t c .  -ound d a t a  s y s t e m  t h a t  
w i l l  c a l i b r a t e  and geomet r i ca l ly  c o r r e c t  t h e  s e n s o r  da t a  c ~ r  elrbpixsl  accuraciec, 
and make i t  a v a i l a b l e  t o  u s e r s  only a few days s f t e r  o , i c r v a t i o n .  
The t h r e e  major o b j e c t i v e s  of t h e  Landsat-D p r o j e c t  a r e  to:  
I. Assess t h e  c a p a b i l i t y  € o r  t h e  Thetmtic Mapper (724) t o  provide improve? 
information f o r  Ea r th  Resources Management. 
2.  Provlde system-level P e a s i b i l i  t y  demonstrations t h a t  w i l l  a i d  f e d e r a l  
agencies i n  dec i s ions  on  t h e  yeed f o r  an  operntfonal systekfi. It will 
d e f i n e  t h e  e s s e n t i a l  f e a t u r e s  of such n sgsten: an3 iha prGbahIe &mt-  
5 .  Continue f o r e i g n  support  and investment i n  the program. 
The p r o j e c t  i s  being developed by NASA and w i l l  e v e n t u a l l y  be t r a n s f e r r e d  t o  t h e  
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Image data may a b o  be transmit-r: dSrcPctlp to  €ore ip  or d 
stations at X-band in lpddition to ,  v r  i n  l i e u  o f ,  tmwmioaion 
s e p a r a t e  S-band 8:rract link campaLible v:th the Landsa t  1. 2 and 3 is  also 
ptovtdcd t o  trans*& HSS data eo t tme stations e q u i p p d  f o r  recefvfug a t  
S-band. T h i s  S-bn-ld E& will s@rcie e6 the prf cmxamlc,ation p a t h  prior t o  
t h e  a v a i l a b i l i t y  of TDW. Spacecrrf  t t e l e m e t r y  and command xmmdcat ion6 J a t h s  
are -Aa TDBSS a t  %-bad, and through :;?-e NASA-GSZ'DV sitatfoas. 
Track lag  d?ta €or Landsat-D is o b t a i n e d  via TPBSS or t h e  GS'DN stations.  
Epheaetfs d a t a ,  r q u f r e d  by t t a  s p a c o t r a f t  f o r  a t t i t u d e  :ontrol a d  by t h e  
grou3d segwnt for both  niss icn  planning and ismgc @orr@ctFon p r o c e s s i n g  are 
c w ~ p ~ ~ ~  a t  the  GodLard Spat- F l i g h t  Center. Iim-ewx, the Lsn&xit-D spucecxfif t  
i 6  eqifiipped w i t h  a G l 3 b a i  Pb,i.ti;ni P X  System (GFS) recedzerjproceasor %?hick, 
a f t e r  checkcut  aLd c a l l b r a t t o n ,  can provide tbce spacecraft egkemerides. 
9.2 FLLCrn S E W I T  
The 
i s  charac 'er ized by by i t 6  iarge deployed mas t  s u p p o r t i n g  t h e  TDBS antenna  and by 
i t s  sSngle-wlng solar a r r a y .  
The main body of t h e  s p a c e x a f t  is comprised of  NASA's s t a n d a r d  M u l t M s s F o n  
Modular S p a c e c r a f t  (HXS) and ttw Lsndsa t  Ins t rument  #odule (W). The long 
dimenadon of t h e  s p a c e c r a f t  body ( t h e  r o l l  axis) lies in t h e  plane of t h e  o r b i t ;  
t h e  yaw axis i s  oriented t o  t h e  local v e r i f c a l  ( p a r a l l e l  t o  t k  a n t e n n a  
and fhe p Q t c h  n x i s  is noxntal. to t h e  o r b i t  p l a n e  and p a r a l l e l  t o  t h e  cads of 
r o t a t i o n  of t h e  solar a r r a y .  
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The p r i n c i p l e  sensfng i n s t r u  n t s  are: 1) t h e  T h e m t i c  Mapper, l o c a t e d  a t  t h e  
t r a m 4 t L ~ n  a d a p t e r  between t h e  ~ n s t ~ ~ ~ ~ e ~ z t  Blodrsle and the , 2) and the 
Hdtiri3;wctral  S c a  d a t  t h e  foxward c the IHLGtmEnt 
Module. Each inst nirror  a e s e a b l y  t o  B i n  t h e  cross- 
t r a c k  d i r e c t i o n  ( p e r p e n 8 f m l a r  t o  the spacecraft ground t r a c k )  and depends upon 
t h e  r e ? a t i v e  motion o f  t h e  s p a c e c r a f t  t o  a c h i e v e  t h e  a long- t rack  scan. The 
Thematic Happer u s e s  a multistage p a s s i v e  r a d i a t i v e  c o o l e r  f o r  t m p e r a t u r e  
c o n t r o l  of t h e  ther tnal  band d e t e c t o r s  (which r e q u i r e  a laFge  unobs t ruc t ed  space  
view]. The c o o l e r  i e  orLented to  the an t i - sun  s i d e  of the s p a c e c r a f t .  
The mast mount f o r  t h e  TI?KS communications ausembly ex tends  abou t  13 feet above 
t h e  s p a c e c r a f t  body t o  provide  a clear field-of-view t o  t h e  TDW from horizon- 
to-horizon. An L-band an tenna ,  m u n t e d  nn t h i s  mast, p rov ides  n e a r l y  
hemisphe r i ca l  c o n t a c t  w i t h  t h e  Global  P o s i t i o n i n g  System satellites. 
Prom t h e  sun-synchronous Landsat-D o r b i t ,  t h e  r e l a t i v e  motion of  t h e  sunline 
t r a v e r s e s  a cone c e n t e r e d  abou t  t h e  r o l l  axis. The s o l a r  a r r a y ,  w i t h  its 
s i n g l e - a x i s - o f - r o t a t i o n  d r i v e ,  m v e s  a t  o r b i t a l  . r a t e  t o  track t h e  sun  and 
i n c o r p o r a t e s  a f i x e d  c a n t  o r  bend t o  o r i e n t  t h e  a r r a y  noraimally p e r p e n d i c u l a r  t o  
t h e  su11 l i n e .  
The multi l l i issfon lucdular s p a c e c r a f t  prouidca f o u r  t r u b s p t e ~ ;  P D F J ~ S ,  attitude 
c o n t r o l ,  c m m u n i c a t i o m  and d a t a  hasbdl:ng, and propu l s ion .  They are a l l  wanted 
on a t r i a n g u l a r  s t r u c t u r e .  Each subsystem is modular ized ,  w i th  t h e  f o  
subsystems housed i n  i d e n t i c a l  48 x 48 x 1 2  inch s t r u c t u r e s .  The forward  end of 
t h e  s t r u c t u r e  p rov ides  t h e  mating s u r f a c e  f o r  t h e  IPission-unique p o r t i o n  of t h e  
f l i g h t  segment,  and t h e  aft end c o n t a i n s  t h e  p r o p u l s i o n  module. Fo r  Delta 
l aunches ,  t h e  s t r u c t u r e  also provides  t h e  mechanfcal i n t e r f a c e  t o  t h e  b u n c h  
v e h i c l e ,  rasing a n  a d a p t e r  mated t o  t h e  a f t  end of the s p a c e c r a f t .  Fo r  
r e t r i e v a l ,  t h r e e  t r u n i o n s  a t  t h e  forward end mate t o  a suppor t  c r a d l e  which Is 
connected t o  t h e  S h u t t l e  ca rgo  bay. 
The Power u t i l i z e s  a Peak Power Tracke r  to o g t i d z e  the t r a n s f e r  of 
power from t h e  mission unique  s o l a r  a r r a y .  It i n c l u d e s  t h r e e  5O-mpere-hour 
n i c k e l - c a d d u e  b a t t e r i e s ,  w i t h  t h e  n e c e s s a r y  p r o v i s i o n s  f o r  t empera tu re  
comparison charge  c o n t r o l .  
The Corrrmunications and Data Handling Subsystem provides t e l e m e t r y  d a t a  o u t p u t  a t  
two data rates: 8 kbps d u r i n g  n o m 1  o p e r a t i o m  (with E 5. hibps backup f a r  use 
d u r i q  launch and i n  case of ~ ~ n t i n g e ~ \ c d ~ ) ,  m d  a 32 Xbpe C r a n e x i m B o o  sm& 
f o r  on-board c m p u t e r  mewry dlrap and Paylaad C ~ r ~ t ~ t i o ~  nata transmfwiun. Two 
s t a n d a r d  t a p e  r e c o r d e r s  are included f o r  r e c o r d i n g  and s u b e q u c n t  playback of 
t e l eme t ry  data. Transdesion of recorded  t e l eme t ry  data m y  be d i r e c t e d  t o  GSTDN 
S t a t i o n s ,  o r  t o  t h e  ground v i a  TDRSS. 
--










SVS-10246 1 :  
nd p o r t i o n  of t h e  subsystem p rov ides  serial and p u l s e  c 
cspabi l - i ty .  Lsndsat-D w i l l  u t i l i z e  t h r e e  c o m n d  rates: 125, 1@00, and 
bps , depending on t h e  u p l i n k  ccrrYlnend path. A i l  c o ~ u n ~ ~ a t l o r ~ s  between Land 
D and t h e  ground t a k e  p l ace  v i e  t h e  CbDB module, w i t h  the excepclon of w2da 
instrueeent data. The Communication and Data liandlng Nodule also con ta i ag  an on- 
board computer w i th  64,00G words of mory. The c a p a b i l i t y  exists to  f u l l y  
r e load  t h e  m w r y  v i a  c m m n d  upl ink from t h e  grsuud, mad t o  dump t h e  
t e l a e t r y .  computer is used f o r  a v a r i e t y  of f u n c t i o n s  inc lud ing  a t t i t u d e  
c o n t r o l ,  h igh g a i n  antenna p o i n t i n g / c o n t r o l ,  spacec:raft/TDRS/sobr ephemeris 
computation, f a i l u r e  d e t e c t i o n  and c o r r e c t i o n ,  and housekeeping t e l eme t ry  
m n i  to r ing .  
The 
- The A t t i t u d e  Control  Subsystem is a h i g h - p r e c i s i o n ,  zero"mOmentrrm gystem w i t h  
t h r e e a x i s  p o i n t i n g  accuracy of 0.01 degree and a s t a b i l i t y  of 10- degree  p e r  
second. It ach ieves  t h i s  p r e c i s i o n  us ing  a n  iner t ia l  r e fe rence  u n i t  w i t h  
a t t i t u d e  updates  from two s t a r  t r acke r8 .  A three-axis  magnetometer and t o r q u e r  
magnets cont inuously unload t h e  momentum wheels. Backup wheel unloading is 
provided by t h e  p ropu l s ion  module. S ince  t h e  s p e c i f i c  p o i n t i n g  modes are 
d s s i o n - u n i q u e ,  a l l  c o n t r o l  a lgo r i thms  care implemented i n  so f tware  executed in 
t h e  on-board computer. 
a t t i t u d e  which wi thou t  uue of t h e  on-board computer. It  uttllizrrs nredurndsit 
scanning e a z t h  ho r i zon  senso r s  a tuo-axis (p i tch / ro lP)  r e f e r e n c e  5~2th a 
gyroconpass r e f e r e n c e  i n  yaw. 
-- The P r w J s f o n  Module 18 mounted 5: the a f t  end crf t h e  s p a c e c r a f t  and uses 
hydrazine f u e l .  It inc ludes  b r t h  5-1bf (llH) ttiru6ten.a and 8.2 Ib f  (O.LiPi]r 
t h r u s t e r s .  The l a r g e  t h r u s t e r s  are used t o  make o r b i t  adjustments  t o  t!dntaI.n 
t h e  16-day-repeating Landsat-D grotind swath. The l a r g e  t h r u s t e r s  are a l s o  used 
f o r  t h e  o r b i t  a l t i t u d e  changes needed f o r  S h u t t l e  rendezvous. The s 
t h r u s t e r s  a r e  used for i n i t i a l  s t a b i l t z a t i o n  and f o r  backup a t t i t u d e  c o n t r o l  
system momentum wheel unloading. 
A Safehold mode is provided which maintains an earth pointing 
M u l t i s p e c t r a l  Scanner 
The M u l t i s p e c t r a l  Scanner (MSS) 1s very simllar t o  that f l o b n  on Landsats  1 and 
2 .  The o p t i c s  and t h e  scan  mechanism have been nodfffed t o  account f o r  the l o v e r  
a l t i t u d e  of t he  Landtiat-D o r b i t .  The o p t i c s  a r e  a Witchey-Cretien type,  
focusing the scanned e a r t h  image on a set of d e t e c t o r s .  The instm 
fou r  s p e c t r a l  bands i n  t h e  visab1e and very nea r  IR. Brands one through t h r e e  
use pho to rau l t ip l i e r  t ubes  as d e t e c t o r s ,  wh i l e  band 4 uses  s f l f c o n  photo diodes. 
Twenty-four d e t e c t o r s  ( s i x  i n  each of the  Pour c p c t r a l  bands) are scanned 
a c r o s s  the flight segment ground treck e v e r j  73.4 ;Ililliaeconde;. The v ~ P Q c L ~ ~  of 
t h e  flight segiiiiint i n  e r b i t  i s  such Chat t h e  g r w i r d  t r a c k  advnncen the 
aqr-kalerat of s i x  scan l i n e s  oncB each mi r ro r  @can cycle .  The 15.06 roegrbft- 
pc?r-second ou tpu t  d a t a  s t r eam con ta ins  a cont inuous 185 la (100 n a u t i c a l  miles) 
swath of inrage d a t a  on t h e  ground, p l u s  c a l i b r a t i o n  infomatLon i n s e r t e d  during 
t h e  i n a c t i v e  p o r t i o n  of the scan mirror cyc le .  
1-6 
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F l i g h t  segment time code is included i n  t h e  d a t a  ~ t r @ a ~ l ,  wf th  co 
occur r ing  every  o t h e r  m i r r o r  scan. T iae  i n f o  t i o n  is used to  c 
G s  hWge d a t a  wi th  f l i g h t  segment @phe pis orid attitude durf 




t i c  Mapp@r i 5  a new instrument  wi th  iEproved r e s o l u t i o n  and epec t rd  
coverage. I t  o p e r a t e s  i n  @even s p e c t r a l  bands. Bandn onre -Through five end 
sevenband cover  t h e  v i s i b l e  and nea r - in f r a red ,  while band sir provides  covaraga 
i n  t h e  thermal  i n f r a r e d  p o r t i o n  of t h e  spectrum. Bends one through f i v e  and 
band seven have a n  in s t an taneous  f ie ld-of-view ( IFOV)  eqpivrnlent to  a 30- meter 
square  when p ro jec t ed  on t h e  ground; band six h a s  an IFOV equ iva len t  t o  a 120- 
meter square  on t h e  ground. 
The d o m l i n k e d  d a t a  stream i n c  d e s  t h e  i m g e r y  d a t a  and tfme code for 
c o r r e l a t i o n  w i t h  a t t i t u d e  and ephe 
The Thematic Happer employs a b i d i r e c t i o n a l  scanning system; i.e., it  acans i n  
both d i r e c t i o n s  a c r o s s  t h e  ground t r a c k ,  y i e l d i n g  a n  8.5 percent s c a n  e f f i c i e n c y .  
The o p t i c s  are a Ritchey-Cret ien type  p r o j e c t i n g  t h e  ground scene on to  two f o c a l  
p lane  d e t e c t o r  a r r aya .  Bands cne  through f o u r  on one f o a l  p l ane ,  whi le  
bonds f i v e  through seven  are on t h e  other. SixEeen dctectorpe are employed a t  
the  p lane  €or ehe high r e s o l u t i o n  bands, while f o u r  are u t i l i z e d  for ehc 
t h e m 1  band. S i x t e e n  scan  l i n e s  are therefore gcneretrj f u r  each high- 
r e s o l u t i o n  band, and f o u r  are generated f o r  t h e  thermal band during each scan  
nirror awecp. 
Global P o s i t i o n i n g  System 
The GBS on t h e  f l i g h t  segment inc ludes  an an tenne  f o r  r e c e i p t  of two L-band 
s i g n a l s  from t h e  Naviga t ion  S a t e l l i t e s ,  a p r e a m p l i f i e r ,  an o s c i l l a t o r ,  and a 
recef ver /processor  assembly. The GPS system r e c e i v e s  messages which are 
cont inuous ly  t r ansmi t t ed  from a c o n s t e l l a t i o n  of Navigat ion S a t e l l i t e s ,  selects 
t h e  optlarum subse t  of s a t e l l i t e 8  from which t o  u t i l i z e  t h e  d a t a ,  and c a l c u l a t e 8  
three-dimensional. p o s i t i o n  and v e l o c i t y  d a t a  of t h e  h o s t  (Landsat-D) s a t e l l i t e .  
GPS t ima  is a l s o  c a l c u l a t e d ;  t h i s  time is  o f f s e t  from Universa l  Time Coordinated 
(IJTC) by B known m o u n t .  
Every s i x  seconds,  n m i n e l l y ,  updated p o s i t i o n  and v e l o c i t y  d a t a  is  ou tpu t  from 
t he  r ece ive r /p rocesso r  &8Eernbly t o  t h e  On-board computer i n  t h e  Communications 
and Date Handling Subsysten.  These updates  are t ranlafonwd i n  t h e  computer i n t o  
thz proper  coord ina te  systems and u t i l f z e d  f o r  a t t t t u d e  c o n t r o l  and t h e  
computation o f  high-gain anteitnn potating anglee.  TI:P position and velocitgr 
data is a l s o  downlinked on  telemetry f o i  l a t e 7  a e  i n  gocsnatrie c ~ r r e c t i ~ r p  of 
Thencnt-ic Mapper and N u l t i s p a c t r a l  Scanner imagery 03 ebe ground. 
The ou tpu t  d a t a  rate is 84.9 megabi ts  per  
ris d a t a  dur ing  ground processing. 
second. 
f o c a l  
a 
I n  t h e  e a r l y  19808, only s i x  o f  t h e  planned 18 Navigat ion S a t e l l i t e s  w i l l  be i n  
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3 .  
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5 .  
6 .  
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view of t h e  Landsat GPS antenna. During t h e s e  per iods ,  t h e  recerive?r/proceesor 
Oper5i@@ in G "propagate" node, estimtirat; p o a i t i o n  and o c i t y  of t h e  h o s t  
s a t e l l i t e  based on € n o t  data. 
Since Landsat-D is one of t h e  f i r s t  NASA s p a c e c r a f t  t o  c a r r y  t h e  GPS, an 
experimental  per iod  ex tending  ove r  t h e  f i r s t  s e v e r a l  m n t b  of t h e  miesion is 
D u r i m  t h i s  p e r i o d ,  ephemeris accu rac i e s  w i l J  be v a l i d a t e d  and o v e r a l l  
performance of t h e  subsystem w i l l  be assessed .  The r ece ive r lp rocesso r  assembly 
can output  a series of d a t a  f i l e s  and t h e  con ten ta  of its e n t i r e  mmory for 
downlink vPa te lemet ry ;  t h i s  d a t e  i s  u e d  f o r  v a l i d a t i o n  at? w e l l  a8 for  
d i agnoe t i c  purposes i n  t h e  event  of cont fgenciee .  The memory can a180 be 
reloaded by commend up i ink  from t h e  ground. 
. planned. 
1.3 FLIGHT SEGMENT DESIGN ! 
The F l i g h t  S e g w n t  conf igu ra t ion  is a r e s u l t  of ex tens ive  trade-off t o  
e s t a b l i s h  a simple d ~ s i g n  t h a t  makes maximum use  of f l igh t -proven  des igns  and 
hardware. The key des ign  f e a t u r e s  f o r  t h e  s e l e c t e d  conf igu ra t ion  are: 
s t u d i e s  
Modular des ign  ( u t i l i z i %  t h e  Mpfs s p a c e c r a f t )  a l lowing  p a r a l l e l  
i n t e g r a t i o n  and t e s t  of s u b s y e t e m  prior t o  oversil1 s p a c e c r a f t  
i n t e g r a t i o n .  
Ea r th  r e fe renc ing ,  scquis i t fon,  and Safe  Rold c o n t r o l  modes t o  provide 
a cone of EUn avoidance about  t h e  o p t i c a l  axe8 of both the TM and MSS. 
2 RigJ.d fo i r -pane l  s o l a r  a r r a y  of 150 € L  . The o u t e r  t h r e e  pane ls  are 
canted a t  22' t o  maximize s o l a r  c o l l e c t i o n  c a p a b i l i t y  and t h e  axis of 
r o t a t i o n  is o f f s e t  t o  minimize i n t e r f e r e n c e  w i t h  t h e  TDRS antenna 
f i e l d  of view. 
Aluminum b i f o l d  boom t o  provide s t a b l e  support  f o r  t h e  TDRSS 
loca ted  t o  avoid daytime blockage of t h e  communication l i n k  t o  TDRSS. 
antenna,  
J e t t i s o n  c a p a b i l i t y  €or  t h e  TDRSS antenna and s o l a r  a r r a y  assembl ies  
t o  a a t i s f v  S h u t t l e  r e t r i e v a l  requirements .  
GPS antenna mounted on t h e  TDRSS antenna boom t o  provide t h e  requi red  
coverage wi thout  a s e p a r a t e  deployment. E l e c t r o n i c s  are m u n t e d  i n  
t h e  upper suppor t  e t r u c t u r e  near  t h e  antenna boom wlth B pre-ampl i f ie r  
mounted on  t h e  boom ad jacen t  t o  t h e  GPS antenna. 
Thema1 c o n t r o l  a t  t h e  m d u l e  level w l t h  near-adiubatic interfncw t o  
the primary s t r u c t u r e ,  U61ng passfvc t h e r m 1  c o n t r o l  eugmntcd  by 
thermos t a t  ica9 17 cont ro  l l e d  hea t  ere. 
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8 .  A th ree-axis  a n g u l a r  displacement  @ensor assembly t o  provide ,  i n  
c o n j u n c t i o n  w i t h  t h e  i n e r t i a l  gyros, payload correction d a t a  t o  
Ground Process ing  System t o  d l a w  f o r  cosyeuesatiol%. of the s~%cro-stfoa 
of t h e  TPL o p t i c a l  axis. 
Communication Links 
Landsat-t) uses a wide  v a r i e t y  of communications l i r lks  in o r d e r  t o  fulfill its 
Iralsoion. There are t h r e e  k inds  of links: 
1. Narrowband-€or housekeeping te leraetry,  com.msnd and t racking .  
2. 
3.  Global  p o s i t i o n i n g  system (GPS)---for n a v i g a t i o n  and t ime  d a t a .  
Wideband-for e a r t h  observa t ion  (MSS and Tpi) d a t a .  
S-band and Ku-band l i n k s  are used by Landsat-D for  narrowband E . '  wideband 
communications, r e s p e c t i v e l y .  Both bands are t r a n s m i t t e d  through t h e  high-gain 
antenna t o  TDRS. The S-band lit& can  be achieved through e i t h e r  t h e  shg1.e 
access (SSA) or t h e  m u l t i p l e  a w e s 8  (SHA) s e w i c e s  t h a t  TDBS provides. l'he S- 
band d a t a  is  also t r a n s m i t t e d  t h ~ ~ ~ g h  o m i - d i r e c t i o n a l  an tennas  f o r  GSTDN o r  
TDRS single-access use.  
E x i s t i n g  f o r e i g n  ground a t a t b n s  are equlpped to s e c e i v e  15. Ffbpe PisS data on s- 
band. However, t h e  bandwidth a v a i l a b l e  on t h e  S-band a l l o c a t i o n  i s  inadequate  t o  
handle t h e  84.9 Hbps d a t a  from t h e  Thematic Papper. An X-band link is  provided 
t o  permi t  TM o r  ESS d a t a  t o  be rece ived  by upgraded f o r e i g n  ground stations.  
The links t o  GPS are a t  L-band and are Receive-Only. 
Wideband Comunica t ion  Subsyatem 
The Wideband Communication Subsystem e n a b l e s  t h e  F l i g h t  Segment t o  t r a n s m i t  MSS 
and TPI instrument  d a t a  t o  both  TDRSS and ground-based u s e r s .  It f u r t h e r  e n a b l e s  
t h e  s p a c e c r a f t  to a c q u l r e  and t r a c k  TI)RSS forward l i n k  emissions a t  Ku-bane. 
The subsystem c o n s i s t s  of t h e  RF compartment, w l d e b n d  nodule,  and gimbal d r i v e  
assembly. The RF compartment i s  i n t e g r a l l y  mounted on a 1.8 meter (6 feet), Ku- 
band high-gain antenna,  and c o n t a i n s  t h e  Ku-band a u t o t r a c k  r e c e i v e r  front-end 
components and a l l  o t h e r  Ku-ban& RF components requi red  t o  transmit t o  TDRSS. 
The wideband m d u l e  c a a t a f n s  t h e  mode seleetfon and rmdulatdon equdpmnt; t h i s  
equipment io used €or  both the K S k  and X-bsnc! links i n  addition t o  ala the X- 
band RF equfpm-nt requi red  for d i r e c t  coms~unicn~lona  w i t h  ground stattons.  The 
S-band t r a n s m i t t e r s  are mounted i n  t h e  instrument  module B t r u c t u r e  above t h e  
wideband module, and t h e  S-band antenna i s  mounted on ' t h e  wideband module, 
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A l l  RF, d c  power, and s i g n a l  l i n e s  r equ i r ed  f o r  i n t e r c o n n e e t i o n  between t h e  RF 
cmpartnrent s e d  t h e  wideband module a r e  c o n t a h e d  i n  A redtandant cable 
?.W signa15 are a t  S-band e o  prevent  ercestjise c o a x i a l  cable a t t e n u t a  
c a b l e  wrap-up arrangement Is u t i l i z e d  i n  t h e  gimbal d r i v e  aoaelubly. The cab la  
bundle, on t h e  inboard s i d e  of t he  gimbals,  is routed down the mast to t h e  
wideband module. 
1.4 FLIGHT SEGHEhT LAUNCH CONFIGURATION 
The F l i g h t  Segment launch c o n f i g u r a t i o n ,  shown i n  F i g u r e l - 3 ,  is  cone t r a ined  by 
t h e  Delta 86-inch diameter  shroud envelope. The s ix - foo t  diameter  TDRSS antenna 
i s  i n  t h e  forward shroud a r e a  e x t e n d i q  i n t o  t h e  con ica l  p o r t i o n  of t h e  
shroud. The rear of  t h e  antenna assembiy i s  preloeded t o  the: antenna boom and 
forward p o r t i o n  of t h e  primary s t r u c t u r e  t o  provide a r i g i d  tie during launch. 
The b i f o l d  boom antenna assembly has  one end supported from t h e  primary 
s t r u c t u r e  a t  a hinge j o i n t  j u s t  forward of t h e  Thematic Mapper. The primary 
s t r u c t u r e  haa a c u t o u t  t o  a l low t h e  antenna boom t o  be stowed d i r e c t l y  under t h e  
s o l a r  a r r a y  assembly. The boom extends forward where Cha second h a @ ?  j o i n t  
occurs .  A s h o r t  boom segment extends back from t h e  forward hinge t o  mate w i t h  
t h e  TDRSS antenna gimbal assembly. A launch lcck 1s s l s o  provided between the 
upper boom segment and the TDRSS antenna RF compartraent t o  cage t h e  gimbal 
sssernbly during launch nrpd powered f l i g h t .  
stowed 
The s o l a r  a r r a y  ssseaiibly is  srawed f o r  launch bstwecn t h e  upper support 
s t r u c t u r e  and the  Delta shroud envelope. The panels  are r i g i d l y  t i e d  t o  the  
primary s t r u c t u r e  a t  f o u r  l o c a t i o n s  during launch. 
The Thematic Mapper (TM) i s  mounted d i r e c t l y  on t h e  mission a d a p t e r ,  which i n  
t u r n  is  a t t ached  t o  t h e  forward p o r t i o n  of t h e  MMS. Graphite-epoxy t r u s s  tubes 
a r e  provided t o  a s s i s t  i n  t h e  d i s t r i b u t i o n  of t h e  launch loads  around t h e  TM. 
The payload a t t a c h  f i t t i n g  ties i n t o  t h e  t h r e e  co rne r s  of t he  MMS module support  
8 t k u C t U r e ;  t h e  volurre provided w i t h i n  a l lows  f o r  t h e  mounting of t h e  propuls ion 
system. The a f t  end of the. payload a t t a c h  f i t t i n g  t ies t o  t h e  De l t a  second 
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SECTION 3 .0  
MODULAR ATTLTLDE CONTROL SPSTEH 
The Modular P t t i t u d e  Cont ro l  Subaysrem (MACS) is t h e  a t t i t u d e  c o a t r o l  m d u l e  f o r  
NASA's Mul t imiss ion  Modular S p a c e c r a f t  (MAS) (. The MMS c -n f igu ra t ron  i s  
adaptable  f o r  e a r t h  p o i n t i n g  miss ions  includhng Landsat-D and Landsat-D 
The MACS i s  compatible  wi th  e i t h e r  t h e  Space TrPnsport  System ( S h c t t l e )  o r  t h e  
ground Launct. veh ic l e .  Figuro 3-1 shows a M C S  module i n t e g r a t e d  i n t o  *he 




The On-Board Computer (OBC) i s  a component of t h e  C&DH rroEule. I n  t h e  normal 
mode of o p e r a t i o n  of t h e  MACS t h e  OBC becomes a p a r t  of a t t i t u d e  c o n t r o l  
func t ion .  
A W.CS i s  comprised of senso r s ,  a c t ~ a t o r s  and a s s o c i a t e 2  e l e c t r o n i c s ,  80e Figure  
3-3. I n  a d d i t i o n ,  Ghe a t t i t u d e  con t ro l  r e q u i r e s  d a t a  from an  Ear th  Sensor  
Assembly (ESAl o r  ESA2) which i s  l oca t ed  Lrl t h e  Ea r th  Sensor  Assembly Module 
(ESAM) l o c a t e d  on t h e  !4S bfodule Support Sbr~ict~re  and also fwr3rn 3 Cordrse Svn 
Sensor  (CSS1 o r  CSSZ) which is mounted on tfic 501nr Array. T h e  PACS Att i turfe  
Cont ro l  E l e c t r o n i c s  (ACS) can  i s s u e  logic r o m n d s  dLrecCly t o  t b  thtriestern 
which Lare p a r t  of- t he  CIropulsion hfodulc CPH). 
Figure  
not  p h y s i c a l l y  a p a r t  of the MAGS m d u l e .  
Figure  3-5 shows t h e  o r i e n t a t i o u  of t h e  M C S  a c m a t o r s  r e l a t i v e  t o  :he MXCS 
r e c t a n g u l a r  coord ina te  frame. 
and Datrl Handling (C&D€l) Module ha3dles  a l l  MACS conmands. 
3-4 shows t h e  Funct iona l  Block Diagran o f  t h e  MACS i n c l u d i r e  t h e  8ens6ors 
The Modular Power Subsystem (MPS) s u p p l i e s  28 VDC t o  t h e  Power SwiC.c:.i-ig Unit .  
One of t h e  redundant A t t i t u d e  Cont ro l  F l e c t r v n i c s  (ACE A o r  ACE B) and both  
Remote I n t e r f a c e s  U n i t s  t o  t h e  CdDH module are powered O N  when W S  power is 
app l t ed  t o  the  EIACS. Power t o  t h e  reiaaining UCS components hs c o n t r o l l e d  by 
s p e c i f i c  Discrete Commands. 
The Fixed Head S t a t  Tracker  (FHST) and t h e  I n e r t i a l  Reference Vni t  (IRU) supply 
t h e  d a t a  r equ i r ed  f e r  t h e  OBC t o  cietermine t h e  r e d  time a t t i t u d e  or' t h e  
s p a c e c r a f t  i n  terms of t h e  E a r t h  Centered Znert iaL (ECI) coord ina t s  r e fe rence  
frame. The d e s i r e d  X I  r e fe rence  frarre requires a knowledge cf t h e  s p a c e c r a f t  
ephemeris d a t a .  
LSD-WC-26 3 
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(PITCH) 
Figure 3-5. MACS Actuator Alignment 
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3 .I FUNCTIONAL DESCRIPTION 
The MACS c o n s i s t s  of s e n s o r s ,  a c t u a t o r s ,  a s s o c i a t e d  e l e c t r o n i c s  and a mounting 4 
s t r u c t u r e .  The MACS s t r u c t u r e  is rnounted on  t h e  kM.9 wi th  its r e c t a n g u l a r  
coord ina te  The fo l lowf ry  
s e c t i o n s  g i v e  a g e n e r a l  f u n c t i o n a l  d e s c r i p t i o n  of  each component of t h e  MACS 
a x e s  a l i g n e d  wi th  t h e  F l i g h t  Segment coord ina te  axes. 
module. 
3.1.1 POWER SWITCHING UNIT (PSU) 
The power swi t ch ing  u n i t  r e c e i v e s  fused  power from t h e  Modulator Power Subsystem 
and d i s t r i b u t e s  power ove r  s e p a r a t e  fused  paths t o  t h e  i n d i v i d u a l  MACS 
components. 
Unswitehed fused  power is routed  t o  R I U Z A  and RIU2B ehrough 
w i r e s  and i s  app l i ed  t o  both  R I U s  when power I s  app l i ed  t o  t h e  MACS. 
It c o n t a i n s  power s w i  t ch ing  r e l a y s  p u l s e  ~9 t t e t c h e r s  and fuses .  
s e p a r a t e  redundant 
3.1.2 REMOTE INTERFACE UNIT (RIU) 
The MACS employs R I U  2.4 and R I U  213 f o r  interface with t h e  CornunLci3ttotvI and 
Data Handling Module. EPther  RIU can receive 64 diocrete C O ~ A R ~  and SIX Scrhe3. 
Magnitude Comnrands. Each RIU inc ludeo  an Expander Un i t  (W) and can rruppfy 
t e lemet ry  d a t a  from 128 po in t s .  
3.1.3 INERTIAL REFERENCE UNIT (IRU) 
The MACS inc ludes  t h e  NASA s t anda rd  IRU which s u p p l i e s  t h e  i n e r t i a l  d a t a  
r equ i r ed  f o r  a t t i t u d e  con t ro l .  The I R U  has  t h r e e  t o t a l l y  Independent gyro  
channels  and each channel  s u p p l i e s  two axes  informat ion  de r ived  froin a ded ica t ed  
gyro wi th  two degrees  of freedom. The t h r e e  chaiinel i n e r t i a l  r e f e rence  u n i t  
con ta ins  the  fo l lowizq  major e lements:  
1. Three t w o d e g r e e  of freedom Cry tuned-ginbal gyros 
2. Three independent  sets of f i v e  each e l e c t r o n h c  modules 
3. Three independent  power s u p p l i e s  
4. One c h a s s i s  and h6iusing assembly 
5 .  One o p t i c a l  alignment cube 
3-8 LSD-WC-263 
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The t h r e e  gyro6 are s l i g n e d  w i t h  t h e  MCS r e c t a n g u l a r  c o o r d i m t e  axes  and supply 
i n e r t i a l  rate and p o s i t i o n  information r e l a t i v e  t o  t h e  PAGS coord ina te  r e fe rence  
frame. The IRU channel  hssignment is a8 follows: 
Channel Axes Rate and Position Signa l  
B fX, -Y R o l l  1, P i t c h  1 
A -2, i-x Yaw I, R o l l  2 
C -Y, -2 P i t c h  2 ,  Yaw 2 
Figure 3.1-1 shows a f u n c t i o n a l  block diagram o f  a 
3.1-1 l is ts  t h e  major components or  module5 used 
as w e l l  as some of t h e i r  func t ions .  
sf-ngle gyro channel. Table  
I n  each of t h e  t h r e e  channels 
Any 2 of t h e  3 channels  are requ i r ed  t o  y i e l d  3-axes informst ion.  Nominally 
Channels A and C w i l l  be used wi th  t h e  prime sen8ors  being Roll. 2 ,  P i t c h  2 ,  and 
Yaw 2 .  Note t h a t  t h e  c o n f i g u r a t i o n  R o l l  1, P i t c h  1, and Yaw 1 a l s o  r e q u i r e s  t h e  
use  of Channel A. 
The gyros are caged in an analog torque balance mode wi th  r e s t o r i n g  c u r r e n t s  
which are p r o p o r t i o n a l  to t h e  s p a c e c r a f t  angu la r  r e t e .  The? vo l t age  developed by 
t h e  c u r r e n t  pas s ing  through p r e c i s i o n  s c a l i n g  resistfirs is then vo2treg:e-to- 
frequency (V/F) converted by reset i n t e g r s t o r  VIP coouer t e r s .  Two €et8 of 
s c a l i n g  resisters a r c  used per gyro axin t o  provide f a r  t h e  extermPBy 
cwmandable high and low r a t e  rnngfng. 
Each c h a m e l  s u p p l i e s  2 8 p u l s e  t r a i n s  wi th  an a s s o c i a t e d  r e f e r e n c e  c lock  which 
g i v e s  a p u l s e  count p ropor t iona l  t o  t h e  incremental  r o t a t i o n  about  each gyro 
a x i s .  The p u l s e  count  scale f a c t o r  is s e l e c t e d  by t h e  a p p l i c a b l e  d i s c r e t e  
command: arc sec . /pu l se  for t h e  low rate mode and 0.8 a r c  s e c . / p u l s e  for 
t h e  high rate m d e .  The gyro performance temperature c o e f f i c i e n t s  are h igh ly  
l inear and s t a b l e ,  t h e r e f o r e  self-contained analog temperature coinpensation is  
employed f o r  o p e r a t i o n  over  a 40% temperature  range without  t h e  need f o r  
e x t e r n a l  sof tware compensation. No h e a t e r s  o r  temperature c o n t r o l  Is used which 
s i g n i f i c a n t l y  reduces power consump t ian  and enhances r e l i a b i l i t y  . Each gyro 
c o n t a i n s  t h r e e  independenc temperature senaor s  w i t h  one f o r  each s e n s i n 3  a x i s  
w e d  f o r  i n t e r n a l  compensation and t h e  t h i r d  f o r  te lemetry output .  
0.05 
A t  t u r n  ON, each channel  is i n i t i a l i z e d  i n  t h e  high rate. B i l e v e l  te lemetry from 
each IRU channel i n d i c a t e s  t h e  rate s e l e c t e d .  
Analog te lemetry oupplied t o  the  RTU gives t he  r egu la t ed  DC voltages, t h e  gyro 
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Table 3.1-1. DRIRU 11 Hardware Components P e r  Channel 
I 
PI_ 
Quan t i ty  Component/Plodule 
1 
1 V/F c o c v e r t e r  module 





V/F b u f f e r  module 
BI-Polar o u t p u t  l o g i c  
Countdown l o g i c  
“High“ mode s ta r t  l o g i c  
Range select 
Caging and t empera tu re  compensation module 
I n t e g r a ?  g a i n  
2nd o r d e r  f i l t e r  
Demo du ].A ’;o r 
Power a m p l i f i e r  and range  c o n t r o l  module 
Cross  a x i s  compensation (direct o p t i o n a l )  
Range c o n t r o l  and s t a t u s  
Scrtl ing Rcslsrose 
Analog o u t p u t  
I 
SS poet  module 
bp in  supp ly ,  t iming  and swi t ch ing  l o g i c  
Motor an t i -hunt  ( o p t i o n a l )  
P .O . e x i c i  t a t i o n  
Telemetry (motor c u r r e n t  and power supply v o l t a g e )  
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3.1.4 
The Landsat-D MACS c o n t a i n s  two Stxed Head Sear Treckkers (FHST). The 
o r i e n t a t i o n  is shown i n  Figure 3.1-2. I n  n o m 1  o p e r a t i o u s  t h e  star t r a c k e r s  
w i l l  never  view t h e  sun  o r  t h e  e a r t h .  Each t r a c k e r ,  however, is  equiped wi th  a 
S h u t t e r  Housing Assembly (SHA) wi th  i t s  a s s o c i a t e d  Br igh t  Obgect Sensor (BOS 51 
f o r  FHST #I and BOS 82 f o r  FHST #2) an& a S t r a y  L igh t  Sh ie ld .  F igu re  3.1-3 
shows t h e  FHST, BOS and S t r a y  L i g h t  S h i e l d  i n t e g r a t e d  w i t h  t h e  s p a c e c r a f t  
housing. 
The s t a r  t r a c k e r  i s  designed t o  a c q u i r e  aqd t r a c k  s t a r s  whose Esgni tude is  
between 5.7 and 7 ,  wi th  angu la r  s i z e  a s  l a r g e  as 8 arc d n u t e s .  The FBST can 
ma in ta in  t r a c k i n g  throught  its field-of-view, and provide two-axis p o s i t i o n  
information a t  v e h i c l e  r a t e s  up t o  0.3 degrees  pe r  second. The block diagram of 
t h e  FHST is ahown i n  F igu re  3.1-4. 
These inc lude  t h e  fol lowing:  
FIXED HEAD STAR TRACKER (FBST) AhD SRIGKT OBJECT SENSOR (BOS) 
i 
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7 .  
8 .  
9 .  
Lens 
Image D i s e c t i o n  Tude (IDT) 
Power Subsystem 
Scan Generators  
Def l ec t  i o n  C i  rcu i t s 
T i m i n g  and Con t ro l  Logic 
Video Processor  
Input C i r c u i t r y  
Output C i r c u i t r y  
I 
/ 
. .  
a \  ORiGINAL PAGE 1s 




TRUE Lob, FIXED HEAD 
STAR TRACKER 8r BRIGHT 
OBJECT SENSGR 
FIXED MEAD STAR TRACKER AND BRIGHT OBJECT 
SENSOR LINES OF SIGHT COORDINATE ANGLES 
a = 19.5' 
p = 73O 
8 1555O (TRUE LOS W6T XN 
DATUM PLANE) 
e-- 
$ = 38.13' 
\- 
+YF 
1232' CONE, FHST FOV 
BRIGHT OBJECT 




TR ACKEF '-1 
-- -- -- - - ___I ..- 
Figure 3.1-2. MACS Fixed Head S t a r  T racke r  O r i e n t a t i o n s  
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Figure 3.1-3. FIfST With Br igh t  Object  P roLrc t ion  and S t r a y  L igh t  Sk.‘e13 
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When power is a p p l i e d  t o  t h e  system aad no o t h e r  mode i o  conmnded, t h e  PH3T 
w i l l  a u t o m a t i c a l l y  start o u t  in t h e  sea rch  mode. This  mode causes  t h e  
instrument  t o  s e a r c h  t h e  t o t a l  f i e l d  of v i e w  (TFOV) by scanning t h e  pay te rn  
shown i n  F igu re  3.1-5. T h i s  pattern is  a l e f t  t o  r i g h t ,  then r i g h t  t o  .'eft 
h o r i z o n t a l  d i r e c t i o n  sweep of approximately 70 p o s i t i o n  (shown i n  F igu re  3.1-5) 
and t a k e s  ten seconds t o  complete t h e  TFOV. During t he  s e a r c h  paode, t h e  FBST 
d e l i v e r s  no in fo rma t ion  on t a r g e t s  in t h e  FOV. Rather ,  i ts  o b j e c t i v e  is t o  
l o c a t e  a proper  t a r g e t  about which information can be obtained.  Four 
cormgandable t h r e s h o l d  l e v e l s  are a v a i l a b l e  t o  provide f o r  s e t t i n g  of t h e  minimum 
s e n s i t i v i t y  from 5.7 t o  3 v i sua l  mag2itude. On Landsat-I) t h e  nominal t h re sho ld  
ia set a t  4.0. The s e a r c h  scan con t inues  u n t i l  t h e  f i r s t  s t a r  t h n t  exceeds t h e  
commanded t h r e s h o l d  l e v e l  is de tec t ed .  Xien t h i s  occurs ,  t h e  star i s  acqu i red  
and t r a c k  scan begins.  
When t h e  FHST e n t e r s  t h e  t r a c k  mode, t h e  instrument  forms a smaller c r o s s  
p a t t e r n  with a r e p e t i t i o n  rate of 100 times per  second. T h i s  p a t t e r n  i s  shown 
s p a t i a l l y  in Figure  3.1-5. The t r a c k  p a t t e r n  c e n t e r s  on t h e  s t a r  image and a 
STAR PRESENT b i t  is generated in che outpur, word oignif:r.lng t h a t  two-axis 
p o s i t i o n  and intcszsf ty  d a t a  are a v a i l a b l e .  The ho r i zo i i r a l  position i n f o r m t i o n  
(onea-complemnt) is contained i n  t h e  f i r s t  1% bits of PEST worS 1 (KkCS Sertai 
D i g i t a l  Data (SSD) word 8 f o r  FEST 1, a@d PiiiCS SSD word 1U f o r  PEST 2) .  The 
v e r t f c s l  p o s i t i o n  infopmaC%oa i a  coxitalnerl i n  t h e  f i r s t  12 bits of F'EiST ward 2 
(F.1AC.S SDD word 9 fcr FHST k and W G S  SSD word f l  f o r  FHST 2). he t h e  star moves 
i n  t h e  FOV due t o  v e h i c l e  a t t i t u d e  changes,  t h e  t r a c k  p a t t e r n  remains locked 
on to  t h e  s t a r  image and t h e  p o s i t i o n  in fo rma t ion  is cont inuously updated. 
During t h i s  mode of o p e r a t i o n  t h e  PRST sees only t h e  acqu i r ed  o t a r .  It is n s t  
inf luenced by and provides  no in fo rma t ion  abou t ,  o t h e r  t a r g e t s  in t h e  FOV. 
Tracking of t h e  same star con t inues  u n t i l :  
1. The star l e a v e s  t h e  POV. 
2. A Break Track command i a  received.  
3. 
When any of t he  t h r e e  above even t s  occur ,  t h e  sea rch  mode is resumed a t  a p o i n t  
approximately 0.7 degrees  more p o s i t i v e  i n  t h e  V coord ina te  from where the s t a r  
was last  t racked.  Th i s  a s s u ~ e s  t h a t  t h e  same s t a r  w i l l  not be r equ i r ed  f o r  OQe 
cospbete  TPOV E C ~ ~ O .  
The WS'? e l e c t r o n i c s  has an OFFSET Mode which selects a 1-1/4 by 1-1/4 clcgsee 
Reduced F i e l d  OF V i d w  (RFOV). The RFOV is s e l e c t e d  by the  a p p r o p r i a t e  SN 
coBmnd al lowing t h e  FHST t o  scpslise any star wi th in  t h e  s e l e c t e d  RFOV. Once 
acqu i red ,  t h e  s t a r  Ls t r acked  throughout t he  TFOV. Loss of acquisition causes  
t h e  r e t u r n  of t he  FHST t c  t h e  a c q u i s i t o n  B C G ~  of t h e  RFOV a t  t h e  s e l e c t e d  
coord+3a te s  ( s e c t o r )  w i t h i u  t h e  TFOV. 
The s t a r  i n t e n s i t y  f a l l s  below t h e  commanded l e v e l .  
F igu re  3.1-6 S ~ O W S  the FEST coordinzte 5lysten. 
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The Br igh t  Object  Sensor  (BOS) p r o t e c t s  t h e  XDT from exposure t o  the sun o r  
e a r t h  l imb. Should t h e  sun  come w i t h i n  28 degrees  o r  t h e  enrtb l imb v i th tn  17.5 
d e g r e e s  of  t h e  o p t i c a l  a x i s ,  t h e  BOS sends t h e  FHST a signal  t o  c l o s e  t h c  
s h u t t e r  The s h u t t e r  remains c losed  u n t i l  t h e  r e c e i p t  of t h e  FHST S e r i a l  
Enable. 
-gnitude Command ('lo Oo0 Ooo OoO Ooo0)2, S h u t t e r  Open Emble /ThRsho ld  set 
Upon r e c e i p t  of t h e  a p p r o p r i a t e  SM command, the t r a c k e r  w i l l  e n t e r  t h e  OFFSET 
Mode and s c a n  a Reduced F i e l d  of  V i e w  (RmV). The OFFSET Mode is used t o  sea rch  
f o r  a known t o  be w i t h i n  t h e  s e l e c t e d  p o r t i o n  of t he  T o t a l  F i e l d  of  V i e w  8tar 
(TFOV). 
In response t o  e i t h e r  a Br ight  Object  Alert (BOA) s i g n a l  from t h e  BOS, or Targe t  
Suppress  (TS) s i g n a l ,  t h e  FHST w i l l  c l o s e  i t s  s h u t t e r .  The t a r g e t  suppres s  
signal is sent any  t i m e  t h e  t r a c k e r  d e t e c t s  excess ive  image d i s e c t o r  c u r r e n t .  
The FMST s h u t t e r  is c losed  t o  p r o t e c t  rhe  IDT, and t h e  s h u t t e r  remains c losed  
u n t i l  commanded open by e i t h e r :  
1. A S h u t t e r  Open SN command. 
2 .  O r  a Ere& Track SM comsnd. 
The Steak Track SE command un la t ches  the FiIST shrrttcr closed hy e i t h e r  a BOA o r  
Targe t  Suppress  s i g n a l  and a l s o  ~eturns t h e  t r a c k e r  'to t h e  normal Search Mode of 
opera  t i  on. 
Each FHST has a s u n  shade whfch is a c o n i c a l  component assembled to  t h e  FMST 
s h u t t e r  The sun  shade a l lows  
t h e  a c q u i s i t i o n  and t r a c k i n g  of stars t h a t  have sun  ang le s  of 85 degrees  o r  more 
from the  +Y MACS axis. 
housing assembly bores ighted  t o  the  o p t i c a l  axes. 
3.1.5 THREE AXIS MAGNETOKETER (TAM) 
A MACS inc ludes  redundant Magnetometers w i t h  t h e  X ,  Y and 2 axes  co inc iden t  (1 
deg. mounting accuracy)  wi th  t h e  MAGS r e c t a n g u l a r  coord ina te  r e fe rence  frame. 
The p o l a r i t y  convent ion s p e c i f i e s  t h e  ea r th ' s  rangnrtic f i e l d  v e c t o r  as p o s i t i v e  
i n  t h e  n o r t h e r l y  d i r e c t i o n  and pos i c ive  i n t o  t h e  earth a t  h ighe r  no r the rn  
l a t i t u d e s .  
A TAM i s  B t r i a x i a l  f lux-ga te  magnetometer t h a t  ou tpu t s  ana log  s i g n a l s  t h a t  a r e  
p ropor t iona l  t o  t h e  t h r e e  a x i s  components of t h e  nagne t l c  f i e l d  vec to r .  
The ThPE is o p e r a t i o n a l  any tire it f e  powered OM, and both  T.Wl and TAM2 can  be 
goyered s imul taneous ly .  TAH ou tpu t s  are cannected t o  both  RIUs and t o  t h e  ACE. 
E x h  TAM provides  a l i n e a r  0 t o  5 V.X output  f o i  sensed magnetic f i e l d  in tensf - ty  
wi th in  t h e  range of -1000 mfl l igau68 t o  4-1000 milltgnuss on each a x i s  ou tpu t s  t o  
t h e  ana log  t e l eme t ry  d a t a  i n p u t s  of bo th  BIU's. The R I U  d i g i t i z e s  the O t o  5VDC 
TAM te lemet ry  ou tpu t s .  An e i g h t  b i t  word provides  the  OBC wi th  a 20 m i l l i v o l t  
LSD-WPC-2 6 3 
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o r  8 m i l l i g a u s s  r e s o l u t i o n .  TAMl o r  TAM2 s u p p l f e a  10 ai.llisrol~ft/nrLl1Pgauss X, Y 
and Z analog signals t o  t h e  ACE. The ACE: selects t h e  a p p r o p r i a t e  s i g n a l s  f o r  
use i n  t h e  Safehold Mode. 
The X, Y and Z axes s i g n a l s  from b o t h  TAMl and TAM2 are s u p p l i e d  t o  t h e i r  
r e s p e c t i v e  t e l e m e t r y  d a t a  i n p u t s  t o  t h e  "ON" RIU. 
3.1.6 STANDARD REACTION WHEEL (SRII) 
The NASA Standard Reac t ion  Wheel i n c l u d e s  a two-phase 20-pole i n d u c t i o n  motor 
acd a f lywheel  mounted w i t h i n  a s e a l e d  enc losure .  The SRW can s t o r e  21.9 N-M- 
sec (nominal) of a n g u l a r  momentum a t  a synchronous speed of  2400 RPM. The SRW 
creates a 0.16 N-M torque  f o r  wheel speeds between stall and 50% of sync speed 
when R 24 V zero t o  peak 400 tFz s q u a r e  wave i s  appl ied .  
The MACS employs f o u r  SRWs. The roll. SRW i s  m u n t e d  t o  t h e  i n t e r i o r  I-X MACS 
module f a c e  w i t h  i ts  negat ive  momentum v e c t o r  a l i g n e d  i n  t h e  4-X XACS d i r e c t i o n .  
The P i t c h  SRW is mounted t o  t h e  i n t e r i o r  -Y MCS module f a c e  w i t h  its p o s i t i v e  
momentum v e c t o r  a l i g n e d  i n  t h e  +Y MACS d i r e c t i o n .  The Yaw SRV i s  mounted t o  t h e  
-Z MACS modide f a c e  wi th  f t o  p o s i t i v e  momentum V ~ C ~ O K  a l i g n e d  i n  t h e  +Z MACS 
d i r e c t i o n .  The Skew SRW i s  mounted t o  the ineer t3 , t  -X X4CS module f a c e  by mean3 
of a skew bracke t  which a l i g n s  t h e  wheel p o s i t i v e  mornentun v e c t o r  equiangular  t o  
t h e  MACS r e f e r e n c e  frame. 
Each SRH tas redundant TACHS with channel  1 dedica ted  t o  ACE A and I R U  POSNfTach 
S i g n a l  Processor  (ID) A and channel  2 dedica ted  t o  ACE B and ITP B. 
The SRWs provide t h e  s p a c u c r a f t  to rque  requi red  f o r  o r b i t a l  f i n e  p o i n t i n g  w i t h  
t h e  wheels normelly unloaded t o  main ta in  wheel speed below 1000 W M .  
3 -1.7 MAGNETIC TORQUERS 
The Magnetic Torquers a r e  e lec t romagnets  t h a t  a r e  placed a l o n g  t h e  MACS c o n t r o l  
axes. The X and Y Magnetic Torquers are i d e n t i c a l ,  wi th  each c o n s i s t i n &  of t w 3  
wiitdinqs oil one 29.2" fe r romagnet ic  rod. The Z-axis has t w o  i d e n t i c a l  
e lectromagnets ,  each wound on a 15.75" ferromagnet ic  rod. The Magnetic Torquers 
provide redundant opera t ion .  I n  normal o p e r a t i o n ,  a l l  s i x  windings are powered. 
Each winding can produce a nominal d i p o l e  moment of 63,000 pole-cm. 
The Magnetic Torquers produce a m g n e t i c  d i p o l e  moment which r e a c t s  a g a i n s t  the 
ear th 's  magnetic f d e l d  and produces a torque on t h e  spncncsaft. The reaction 
wheels (SRWs), dur ing  o r b i t a l  f i n e  pointing, are use6 to ~-3ppLy t h e  torques t o  
c o n t r o l  t h e  spacecraf t ' s  a t t i t u d e .  The Magnetic Torquers are used t o  produce a 
s p a c e c r a f t  d i s t u r b a n c e  torque  which, when c o r r e c t e d  by the  n o m 1  o p e r a t i o n  of 
the. ACS, w i l l  reduce t h e  wheel (SRW; speed. 
A c o n t r o l  s i g n a l  r e q u e s t  f o r  a s p e c i f i e d  axis d f p o l e  reoment is processed by t h e  




redundant channel g a i n  is  changed t o  compensate f o r  the f a i l u r e ,  producing t h e  i 
d i s tu rbance  torques p e r  c o n t r o l  s i g n a l  r eques t s .  
3.1.8 COMPUTER STATUS MONITOR (CSM) 
I d e n t i c a l  CSMs provide a redundant c a p a b i l i t y  t o  sense an OBC anomaly. Figure 
3.1-7 shows t h e  f u n c t i o n a l  block diagram. The OBC cont inuously sends a series of 
pu l se s  a t  1 second i n t e r v a l s  is received by t h e  CSM. I n t e r r u p t i o n  of t h r e e  
consecut ive command p u l s e  t r a i n s  w L l l  cause t h e  CSM i n t e r v a l  timer t o  
"time out". And as a r e s u l t  of t h i s  " t i m e  out"  t h e  CSM gene ra t e s  an i n t e r n a l  
SaLehold b i l e v e l  i o g i c  Gignal. Th i s  l o g i c  signal g e n e r o t m  a Safehold "ON" 
l o g i c  s i g n a l  if a CSM I n h i b i t  d i s c r e t e  commend ties no t  bken r ece ived  by t h e  
corresponding CSM. A Safehold ON l o g i c  s i g n a l  w i l l  be generated by e i t h e r  CSM 
i f  t h e  fol lowing sequence of even t s  has  t r ansp i r ed :  
t h e  A and R windings. I n  t h e  w e n t  of R windirg or e l e c t r o n i c c  f a i l u r e ,  t h e  
t 
I 
d i s c r e t e  
1. A corresponding ACS Enable has  been r ece ived .  
2 .  A corresponding CSM I n h i b i t  C d i s c r e t e  command has not been received 
(A CSM Enable d i s c r e t e  comaad w i l l  reset t h e  CSPI). 
3. The ccrresponding ORC p u l s e  train has been i n t e r r u p t e d  f o r  t h r e e  
ccnsecutfve cowmarrds. 
When a oafehold "ON" l o g i c  s igna l  is gene ra t ed ,  power is swicched t o  the  
dedicaLed Safehold E l e c t r o n i c s  (SHE) of the powered ACE and t h e  MACS is  
t r a n s f e r r e d  from t h e  Computer Mode t o  t h e  Safehold Mode. 
Tile CSM T i m e r  is  reset upon t h e  receipt of a CSM I n h i b i t  d i s c r e t e  command. I f  
v a l i d  CSM p u l s e  t r a i n s  are p resen t  (no CSM t i n e  o u t s ) ,  t h e  Safehold OFF d i s c r e t e  
command can be i s sued  and t h e  MACS w i l l  r e t u r n  t o  t h e  Coaputer Mode. 
The ACE t u r n s  on i n  t h e  Computer Mode whether from t h e  i n i t i a l  a p p l i c a t i o n  of 
MF'S power o r  when switching betwean ACE blocks.  The CSM l o g i c  is v o l a t l l e  and 
t h e  e f f e c t s  of any  p rev ious  commands w i l l  be ignored.  
3.1.9 ATTITUDE CONTROL ELECTRONICS (ACE) 
The ACS c o n t a i n s  t h e  e l e c t r o n i c s  r equ i r e?  t o  d r i v e  t h e  Reac t ion  Wheel and/or  t h e  
Magnetic Torquer. The ACE a l s o  inc ludes  t h e  sa feho ld  e l e c t r o n i c s  which can, 
without  t he  u3e of t h e  On-Board Computer, per fom t h e  analog functions required 
t o  llieineain t h e  s p a c e c r a f t  on a safe o r b i t .  See Psragrnph 3 .3 .2  for A 
d e s c r i p t i o n  of t h e  6afehoLd mode. As shown i n  Figure 3.1-8, t h e  ACE lncludeo etne 
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I n t e r f a c e  e l e c t r o n i c s  provide i n t e r f a c e  w i t h  t h e  MACS sensors  and t h e  
C&DH module ( R I U  2A and 28). 
Contro l  Logic  and Timing i n  t h e  R I U  i n t e r f a c e .  
I R U  and Wheel Tachometer Data Processor  processes  t h e  wheel t a c h  . 
p u l s e s  and s u p p l i e s  wheel speed d a t a  t o  t h e  RIU (OX) and t o  t h e  
s a f  ehold e l e c t r o n i c s  e 
Safehold E l e c t r o n i c s  i n p u t s  analog s e n s o r  s i g n a l s ,  computes analog 
e r r o r  s igne i ;  and g e n e r a t e s  l o g i c  commands t o  c o n t r o l  t h e  t h r e e  axis 
of t h e  s p a c e c r a f t .  The SHE a l s o  i n c l u d e s  t h e  c o n t r o l  l o g i c  t h a t  
unloads t h e  momentum of t h e  f o u r  SRWs. 
Drive S i g n a l  Processor  decodes t h e  OBC d r i v e  cmds, t h e  SHF wheel cmde 
and t h e  t o r q u e r  b a r  d r i v e  cmds. It also provides  t h e  d r i v e  s i g n a l s  
f o r  t h e  SRW and/or  t h e  Magnetic Torquers.  
Wheel Drive E l e c t r o n i c s  c o n t a i n s  t h e  d r i v e  f o r  each of t h e  f o u r  SRWc;. 
Magnetic Torquer Bar Drive ELcctronics  c o n t a i n s  t h e  d r i v e  f o r  t h e  
magnetic t o r q u e r s .  The. torquers 011 t h e  x and y-ards have two 
i dependent  windings and t h e  z-axis has two independeilt, t o r q u e r  bars .  
The t o r q u e r  bar cirive e l e c t r o n i c s  contnine an independent dr i re  f o r  
each of t h e  independent windings. See F igure  3-5. 
Magnetometer Data Compensation block c o r r e c t s  t h e  TAX s i g n a l s  f o r  t h e  
magnetic f i e l d s  produced by t h e  magnetic t o r q u e r  d r i % e  c u r r e n t s .  
Thc 'XTP c o n s i s t s  of six 24-bit r e g i s t e r s  f o r  gyro data,  s i x  8-bi t  gyro b i a s  
r e g i s t e r s ,  four  16-bi t  r e g i s t e r s  f o r  wheel speed d a t a  and a s s o c i a t e d  D/A 
conver te rs  t o  t r a n s f e r  t h e  d i g i t a l  d a t a  t o  ana log  € o r  i n p u t  to  t h e  SHE. 
The six gyro r e g i s t e r s  a r e  24 b i t  up-down counters .  There is one p e r  gyro 
channel.  The r e g i s t e r s  then  c o n t a i n  t h e  i n t e g r a t e d  p o s i t i o n  der ived  from I R U  
d a t a  obta ined  once every  64 mi l l i seconds .  The s h u t t l e  r e t r i e v a l  on command w i l l  
r e s e t  these  r e b f s t e r s  t o  a l l  zeros .  The o i x  8 - b i t  b i a s  r e g i s t e r s  are used t o  
conpensate t h e  p o s i t i o n  d a t a  € o r  u s e  i n  t h e  SBF analog c i r c u i t  only.  This  b i a s  
i s  not subtracted from t h e  OBC data outputed from the! ZTP. These 6-Lies 
r e g i s t e r s  a r e  s e t  by ground comrrnd. It should be ooted t h a t  t h e  ITP gyro 
rregitxrcrs w i l l  always be i n  :he high ra te  scale (.tS aec per count)  when used i n  
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Eich SRV has 2 tachs .  Tach A is dedica ted  t o  ACE A and Tack B t o  ACE B. The 
t a c h s  provide B series of type 01 and t y p e  02 p u l s e s  t o  t h e  XW. or 
phasing of t h e  01 and C2 p u l s e s  determines t\e wheel speed p o l a r i t y .  The number 
of p u l s e  p a i r s  p e r  c y c l e  y i e l d s  t h e  wheel speed. The t a c h  p u l s e  p a i r s  are 
accumulated a l g e b r a i c a l l y  over  a t i m e  i n t e r v a l  providing a wheel speed and 
p o l a r i t y  f o r  t h a t  i n t e r r a l .  When t h e  p u l s e s  are read  t h e  ITP r e g i s t e r s  are 
zeroed and a new number is  accumulated each cycle .  
3.1.11 FINE SUN SENSOR (FSS) 
The FSS y i e l d s  2-axis analog and d i g i t a l  p o s i t i o n  d a t a  from a 232  degree  square  
f i e l d  of  v i e w .  The e r r o r  s i g n a l s  are measured w i t h  r e s p e c t  t o  t h e  FSS axes  and 
transformed t o  t h e  s p a c e c r a f t  exes  i n  t h e  ACE. The te lemet ry  and OBC i n p u t s  are 
e r r o r s  with r e s p e c t  LO t h e  FSS axes. The FSS i s  a non-redundant d i g i t a l  sensor  
w i t h  course  and f i n e  o u t p u t s .  A f u n c t i o n a l  block diagram is  provided i n  F igure  
3.1-9. FSS o p e r a t i o n  is  p r i m a r i l y  f o r  t h e  Computer mode. The o u t p u t  of t h e  FSS 
i s  random u n t i l  a s u n  presence is  i n d i c a t e d .  FSS analog o u t p u t s  are provided t o  
t h e  ACE whenever t h e  FSS is powered. The ana log  outputs ,which can serve as a 
backup t o  a f a i l e d  CSS f o r  Safehold mode opera t ion .  However, s i n c e  t h e s e  
outputs  sre random w i t h  no sun in t h z  FOV of t h e  s e n s o r ,  they ljlust not  be 
enlployed u n l e s s  Sun Presence i n  i r rdicuted.  ~ 
The o r d e r ,  
3 -1.12 EARTH SENSOR ASSEMBLY MODIJLE (ES.4.H) 
The Ehr th  Sensor Assembly Nodule is  mounted on t h e  Instrument  Module (IN). 
Although both e a r t h  s e n s o r s  are i d e n t i c a l ,  one e a r t h  s e n s o r  (des igna ted  ESA 1) 
i s  mounted t o  t h e  s p a c e c r a f t  w i t h  i t s  scanner  b o r e s i g h t  a x i s  i n  t h e  X-2 plane,  
t i l t e d  down 24 degrees  from che -X a x i s .  The second e a r t h  sensor  (designated 
ESA 2 )  is mounted w i t h  i t s  scanner  bores ight  i n  t h e  s p a c e c r a f t  Y-Z plane,  t i t l e d  
down 24 degrees  from t h e  +Y a x i s .  Knowledge of t h e  alignment i s  90.1 degree.. 
The s i g n a l  i n t e r f a c e  between t h e  ESAM and t h e  MACS is through t h e  ACE i n t e r f a c e  
e l e c t r o n i c s  t o  t h e  Safehold e l e c t r o n i c s .  The E S A  provides  an E and H channel  
e r r o r  f o r  each e a r t h  sensor .  These e r r o r s  are t h e n  processed e i t h e r  i n  t h e  OBC 
o r  sa fehold  e l e c t r o n i c s  t o  o b t a i n  r o l l  and p i t c h  e r r o r s .  
o r i e n t a t i o n  f o r  ESA 1 is: 
+Pi tch  -E 
+Rol l  -H 
+Pitch +H 
+ROLL -E 
and f o r  ESA 2: 
Thc NACS also uses t h e  r o l l  e r r o r  s i g n a l  t o  deterorlne t h e  
t h z r  used t o  determine t h e  yaw p o s i t i o n  e r r o r .  The ESAM o u t p u t s  
roll 
The mounting 
r a t e  which is 
are used by t h e  
M/LS i n  both t h e  safehold  mode and the  computer mode. E a r t h  Sensor (ES)P o u t p u t s  
a:e dedica ted  t o  ACE A and ES2 o u t p u t s  t o  ACE E. An LSA/ACS s i g n a l  i n t e r f a c e  
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Also outputed i s  zn i n v a l i d  e a r t h  signal  and a sun  presence s i g n a l .  E. v a l i d  
e a r t h  sLgnal laust meet t h e  fol lowing two cond i t ions :  
i 
1. 
2. The l e a d i n g  edge ( co ld  t o  h o t  t r a n s i t i o n )  must preceed t h e  t r a i l i n g  
Both t h e  l e a d i n g  and t r a i l i n g  edges are -vrithin t h e  unblanked region.  
edge (ho t  t o  co ld  t r a n s i t i o n ) .  
I f  e i t h e r  c o n d i t i o n  fails, t h e  e a r t h  s e n s o r  ou tpu t  is  clamped to 2.5 v o l t s  (2.5 
v o l t s  -> zero e r r o r ) .  One scan  w i t h  an  i n v a l i d  e a r t h  is  s u f f i c i e n t  t o  set t h e  
e r r o r s  t o  zero.  Two success ive  scans  with a v a l i d  e a r t h  are requ i r ed  be fo re  
normal o p e r a t i o n  cont inues.  Sun presence is d e t e c t e d  by: 
1. More than  one h o t  t o  co ld  then cold t o  hot  t r a n s i t i o n  i n  1 cyc le .  
2. The t i m e  between temperature t r a n s i t i o n s  i s  l a r g e r  than t h e  
to l e rance .  
a l lowable 
I f  a sun  presence 1s d e t e c t e d ,  t h e  e a r t h  senso r  w i l l  clamp the  l a n t  "good" state 
u n t i l  no sun presence i s  i n d i c a t e d .  
The ESAM 1s made up of t h e  fol lowtng Eunctdoaal blocks: 
1. Heater C o r t r o l  
2. Power Supply/Motor Driver  Assembly 
3 .  Ear th  Sensor Scanner 
4. Signa l  P rocesso r  
5. H Process ing  
6. E Processing 
3 -2  PERFORMANCE CAPABILITIES 
The MACS can ope ra t e  i n  e i t h e r  t h e  Computer Mode o r  t h e  Safehold Mode. The 
Computer Mode is t h e  mode used f o r  on-orbit  f i n e  po in t ing ,  o r b i t  ad j u s t  end 
o r b i t  t r a n s f e r .  The OAC reeds sensor d a t a ,  computes c r m r  d a t a  (c ioscd loop)  
and issues cemnzands t o  c o n t r o l  t h e  a c t u a t o r s .  T h e  sensors inc.t>dc . t h e  Earth 
Sensc;. locared on the Xnstrument i.fodulc ( I i f j ,  F i n e  SUR Sensor (FSSIn the 
I n e r t i a l  Reference Unit  and t h e  Fixed Head S t a r  Trackers.  Table  3.2-1 shows the  
expected po in t ing  accuracy for t h r e e  s p a c e c r a f t  mtssions.  (Ea r th  po in t ing  
accuracy of 43.3  .- degrees  w i t h  t h e  e a r t h  s e n s o r s . )  
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Upon t r a n s i t i o n  t o  t h e  Safehold Mode, t h e  Safehold E l e c t r o n i c s  s h s l l  f o w  c losed  
c o n t r o l  l oops  abouir each of t h e  t h r e e  BtlCS e o o r d l n a t e  r e fe rence  axis. The yaw 
a x - & ,  c o n t r o l l a d  by the XRfJ 1 P I  axis  rate gyro, s h a l l  be aterbPLizad co s i t h i n  
- M.1 degree/secoucr. The  Ear:h Sensor prowidea semor data a b u t  t h e  p i t c h  and 
r o l l  axes with t h e  spacec r&t  s t a b i l i z e d  t o  w i t h i n  210 legrees. 
3.3 KODES OF OPERATION 
The W.CS can  o p e r a t e  in any one of  the fol lowing md,es: 
1- I 
, 
1. COMPUTER MODE: The computer m d ~  i 0  the w& used f o r  on o r b i t  f i n e  
po in t ing  and for o r b i t  a d j u s t .  In this mode, Che On-Board Computer 
c o f t x a r e  c o n t r o l s  t h e  s e n s o r  and a c t u a t o r s ,  3s r equ i r ed ,  t o  maintain 
t h e  a t t i t u d e  and/or o r b i t  of t h e  s p a c e c r a f t .  The OBC i n f o n w t i o n  from 
t h e  a p p r o p r i a t e  s enso r s  computes t h e  e r r o r  in a t t l l t e d e  aad fssuee 
t h r u s t s  t h a t  c o n t r o l  the s p a c e c r a f t .  
conmands t o  t h e  a c t u a t o r s .  The a c t u a t o r s  create t h e  to rques  and/or . .  
2. SAFEIIOLD DE: The sa feho ld  mode in en te red  t o  malrltain t he  
s p a c e c r a f t  on o r b i t  in a safe a t t i t u d e .  Th i s  mode does not require 
t h e  u s e  of t h e  Cu-Board Computer. 
The R-te I n t e r f a c e  Unit  (RIU) trcmfers f E f o m t t o n  between the OBC and t h e  
k-fAcs CCmpOrEnt6- The OBC ~5 f t :3are ,  Via the R I U ,  req!sests: i n f o m a t i o n  fToa 
a p p r o p r i a t e  aensors, p e r f o m  s p e c i f i e d  computations and I s s u e s ,  v i a  the RIU” 
cacllaads t o  t t n  s p e c i f i e d  PIMS e u b s y ~ t a .  The f u n c t i o n s  performed while  i n  t he  
computer mode are c o n t r o l l e d  by t h e  O X  software.  Table 3.3-1 shows t h e  
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Table 3.3-1. HACS Operat ional  Modes; (Funct ions)  
Mode Sensors  Actuators  Desc r ip t ion  
Local 
Vertical(LV) 
Acq u i  si t i o n  
IRU, React ion  
ESA, %eels ,Torquers 
TAM 
Uwn s e p a r a t i o n ;  will acq lire 
l o c a l  v e r t i c a l .  Reduces 
p o s i t i o n  and rate e r r o r s  i n  
r o l l  and p i t c h  (Mode-1) 
Yaw 
Acqui s i t i o n  
S t e l l a r  
Acqu i s i t i on  
O r t i  t 
Ad j u s t  
E a r t h  
Po in t ing  
I R U  ,ESA, React ion  Wheels, 
TAM Torquers 
IRU,  S t a r  React ion Wheels, 
Tracker ,  Torquers 
FSS ,SSA 
IRU T h r u s t e r s  
I R U  ,Star React €on Wheels, 
Tracker  , Torquers 
FSS,TAM 
Fo11ows LV a c q u i s i t i o n ;  
reduces p o s i t i o n  and rate 
e r r o r s  i n  yaw. (Modem2) 
Fol.1ows Yaw Acquisi t ion.  For 
low o r b i t  a l t i t u d e  missions 
uses  FSS and rnagnetomter d a t a  
t o  compute l o i t i a l  i n e r t i a l  
attitude. Uses LRU and s t a r  
t r a c k e r  data t o  re fhe  
i1rcrtiaf a t t i t u d e  
d c t e mi na ti  o u . ( No de53 1 
Uses I R U  d a t a  ond t h r u s t e r s  t o  
hold LV poinying du r ing  o r b i t  
a d j u s t  burn. Low l e v e l  
t h r u s t e r s  used for r o l l  
c o n t r o l ,  high l e v e l  t h r u s t e r s  
modulated on/off  f o r  p i t c h  
and yaw c o n t r o l .  (Mode57) 
Uses IRU and s t a r  t r a c k e r  d a t a  
f o r  p r e c i s i o n  e a r t h  po in t ing .  
Requires hPgh accuracy 
fipacecraf t ephemeris d a t a  t o  
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3.3.2 SAFEHOLD NODE 
Attbtude c o n t r o l  u s ing  t h e  Safehold Mode does nc t  use t h e  On-Scnrd Coaplitei. 
Saf3hold is used t o  hold t h e  s p a c e c r a f t  i n  a safe a t c i t u d e  (-62 axis t o  w i t h i n  50 
of l o c a l  v e r t i c a l )  du r ing  t h i  time t h a t  t h e  OBC i o  not  a v a i l a b l e ,  when i t  is not 
l o g i c a l  t o  use t h e  OBC o r  t h e  OBC onboard f a i l u r e  d e t e c t i o n  l o g i c  has  i s s u e d  an 
automatic  Safehold condi t i o n .  
For t h e  ground commanded Safehold c o n f i g u r a t i o n ,  s e r l o l  magnitude commands from 
t h e  ground s e l e c t  t h e  s e n s o r s  and t h e  a c t u a t o r s  t o  be used wh i l e  in t h e  Safehold 
Mode. Operat ion i n  t h i s  mode r e q u i r e s  t h e  I W  and t h e  Three A x i s  Magnetometer 
(TAM) b i a s  va lues  t o  have been uploaded t o  compensate f o r  IRU d r i f t  and f o r  t he  
r e s i d u a l  magnetic f i e l d s  c r e a t e d  by t h e  spac fc ra f  t. Paragraph 3.6 d e s c r i b e s  the  
comraands and t h e  f o r u a t  f o r  uploading t h e  needed values .  
I n  t h e  t r a n s i t i o n  t o  t h e  Safehold Mode, t h e  c o n t r o l  of t h e  a c t u a t o r s  i s  
t r a n s f e r r e d  from t h e  OBC t o  t h e  Safehold E l e c t r o n i c s  (SXE). The SHE forms 
c losed  c o n t r o l  l o o p s  about  t h e  t h r e e  HACS axes.  T h e  c o n t r o l  loops i n p u t  analog 
s i g n a l s  from the  s e l c c t e d  senso r s  (ES and I R U  r o l l  a x i s  r a t e  gy ro ) ,  computes t h e  
e r r o r  s i g n s l s  and g e n e r a t e s  t he  l o g i c  t o  d r i v e  t h e  a c t u a t o r  t o  c o r r e c t  t h e  
a t t i t u d e  e r r o r s .  The "IRU and Wheel Tachometer Data Processor"  determines t h e  
SRG wheel speeds and when r e q u i r e d ,  t h e  SEE gene ra t e s  t h e  Logic t o  d r i v e  t h e  
a c t u a t o r s  (Magnetic Torquers  and/or Thmsterr i )  t o  unload t h e  SRWs. T h m a t e r  
unloading it; an  o p t i o n  to be exe rc i sed  if and only i f  a magnetic t o r q u e r  P a i l c .  
I f  a p i t c h  t o r q u e r  f a i l s ,  t h r u s t e r  unloading i n  that a x i s  will. be required.  I f  
t he  r o l l ,  p i t c h ,  and yaw S'RW's are powered t h e  Safehold E l e c t t c n i c s  (SHE) wLll 
not d r i v e  t h e  skew wb%l  even if t c  i s  powered. I f ,  however, e i t h e r  of t he  
roll, p i t c h ,  o r  yaw SRW's is powered o f f  t h e  SBE w i l l  s u b s t i t u t e  t h e  skew wheel 
f o r  t h e  o f €  powered wheel providing t h e  skew wheel is powered. When t h e  skew 
wheel r e p l a c e s  one of t h e  prirnary uhee l s  t h e  SHE w i l l  compensate t h e  Drive 
E l e c t r o n i c s  of t h e  remaining channels  f o r  t h e  e f f t c t  of t h e  skew wheel .  
The  MACS switches t o  t h e  Safehold Mode upon receipt o f  t h e  a p p r o p r i a t e  Discrete 
Command or when t h e  Computer S t a t u s  Module (CSM) d e t e c t s  an  OBC anomaly and 
issues a command t o  t r a n s f e r  t o  t h e  Safehold Mode. 
Ulion 
c c n t r o l  of t h 2  s e l e c t e d  a c t u a t o r s  switched t o  the  SHE. 
t r a n s i t i o n  t o  Safehold,  t h e  s e l e c t e d  ACE/SHE is au tomat i ca l ly  powered and 
w h e  t h r e e  axes c o n t r o l  l oops  a r e  a c t i v a t e d  t o  s t a b i l i z e  t h e  s p a c e c r a f t  about  t h e  
t h r e e  c o n t r o l  axes.  The E a r t h  Sciisor provides  t h e  senso r s  f o r  t he  p i t c h  and 
roll axes and s t a b i l i z e s  t h e  s p a c e c r a f t  t o  w i t h i a  $10 degrees .  The IRU r o l l  
axLs r a t e  gyro s u p p l i e s  :he sensor aipnsl f o r  the yns a x i s  positton control l oop  
which stabilize ehe s p a c e c r a f t  t o  within G - 1  degrecjsecocd about t-he yaw sxls. 





31 December 1981 
The Safehold c o n f i g u r a t i o n  is c o n t r o l l e d  by uploading t h e  a p p r o p r i a t e  S e r i a l  
Magnitude Commands which select the  senso r s  ond z c t u a t o r s  and alBo upload t h e  
IRU and TAM b i a s  va lues  needed t o  c o r r e c t  f o r  gyro d r i f t  and f o r  magfietic f i e l d s  
c rea t ed  by the  s p a c e c r a f t .  Discrete C o m n d a  c o n t r o l  tke power t o  some W C S  
components and t h e s e  commands must be c o n s i s t e n t  w i t h  t h e  s e n s o r  andfo r  
a c t u a t o r s  s e l e c t e d  by SM commands. The r equ i r ed  commands must be uploaded 
before  t h e  MACS can  be placed i n  Safehold.  
Upon e n t r y  i n t o  Safehold ,  t h e  MACS sends  l o g i c  s i g n a l s  t o  t h e - S o l a r  Array Drive 
and t o  t h e  Propuls ion  Subsystems. Cont ro l  l o g l c  s i g n a l s  to  t h e  Propuls ion  
Subsystem low l e v e l  t h r u s t e r s  to  provide  s p a c e c r a f t  c o n t r o l  to rques  are 
a v a i l a b l e  upon command o r  immediately i f  commanded on p r i o r  t o  t r a n s f e r  t o  
Safehold. S o l a r  Array Drive indexes  a t  one r e v o l u t i o n  pe r  o r b i t .  The S o l a r  
Array maintains  t h e  i n i t i a l  sun  l i n e  angle .  The Reaction Wheels are t h e  dea i r ed  
( s e l e c t e d  by SM Command) a c t u a t o r s .  The ACE which i n c l u d e s  an  IRU and Wheal 
Tachometer Data P rocesso r  reads  t h e  Wheel TACK pulaen and then  t h e  SHE may i s s u e  
a c t u a t o r  commands which induce d i s tu rbance  torques  c r e a t e d  by t h e  magnetic 
t o rque r s  which when co r rec t ed  by t h e  SRWs, w i l l  unload t h e  wheels. E i t h e r  (or 
both)  t h e  Magnetic Torquers  o r  t h e  t h r u s t e r s  can be s e l e c t d  t o  unload t h e  
wheels. When the  Magnetic Torquers  are s e l e c t e d ,  t h e  SHE r eads  t h e  Three A x i s  
Magnetometer d a t a  and determines the Torquer  Drive c u r r e n t s  needed t o  unlccad t h e  
wheels. 
The 
i I n  the  case where t h e  onboard Fsilr;re Detec t ion  and Correction (FDC) logic 
i n i t i a t e s  t h e  Safehold mode, t he  OEC wi1.l. provide c u r r e n t  serial mngnltude ~ I L Z ~ A  
t o  t he  SHE r e g i s t e r s  f o r  Safehold execut ion .  These d a t a  will be t r ansmi t t zd  t o  
the  SHE as p a r t  of two poss ib l e  onboard command t a b l e s ,  s e l e c t e d  by t h e  OBC a6 
due t o  a f a u l t  d e t e c t i o n  and t h e  r e s u l t a n t  conf igu ra t ion  determined by so f tware  
log ic .  The FDC l o g i c  w i l l  cause e n t r y  t o  e i t h e r  an ear th-pointcng Sr-Fc..,:ld mode 
us ing  e a r t h  senso r s  and gyro  compassing o r  a n  i n e r t i a l  hold mode : ,*,,- IRU-s. 
The a c t i v a t o r s  are t h e  SRW‘s. @ne t a b l e  d e f i n e s  a sequence of commatdb t o  go t(3 
Safehold us ing  ACE A ,  and the o t h e r  u s ing  ACE B. Twelve poss ib l e  hardware 
conf igu ra t ions  can  be de f ined  by the  onboard l o g i c  and are shown i n  F igure  
3.3-1. I n  o rde r  t o  provide p o s i t i v e  control over  the f a u l t  d e t e c t i o n  l o g i c ,  t h e  
sof tware  must be r e - i n i t i a t e d  v i a  ground command a f t e r  execut ion ,  thereby 
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TABLE 1 (OM-BOARD LOGIC) CONFIGURATION & OPTIONS I 
I EOUIPMENT STATUS . - _.- -
ON -
ACE A f E S  I 
R I U  2 B  
TAM 1 
ACE A&B SEP S I G  OVRD 
ROLL, P I T C H  & YAW TORQL'ER A 
ROLL, P I T C H  & YAW TORQUER B 
SAFE HOLD ACE A 
IRU CH A f B f C  HIGH RATE 
OFF 
ACE BfES 2 
R I U  2 A  
TAM 2 
THRUSTERS & PlE  
y_ 
TABLE 2 (ON-BOARD LOGIC)  CONFIGUR4TION & OPTIONS 
EQUIPMENT STATUS I 
O F F  -ON - 
ACE B f  E S 2  
RIL '  24. 
TAY 1 
h C E  A&B S E P  SIG O W  
ROLL, P I T C H  & YAW TORQUER A 
ROLL, P I T C H  & YAW TORQUER B 
SAFE HOLD ACE B 
IRU CH A/B/C HIGH RATE 
ACE A f E S 1  
R I U  2 B  
TAM 2 
THRUSTERS & PME 
LSD-WC-263  Flgure 3.3-1.  MAC'S Safehold Codfgurat ion (Software C o n t r o l )  
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3 .4  MODULAR ATTITUDE CONTROL SUBSYSTEM (MACS) CONSTRAINTS 
--I- 
3 - 4 . 1  MACS INITIALIZATION CONSTRAINTS 
1. 
2 .  
3 .  
4 .  
I f  t h e  OBC p u l s e  t r a i n  is not  i n i t i a t e d  immediately a f t e r  MPS power 
turn-on t o  t h e  MACS, caus ing  one o r  bo th  ACE CSM tlmers to  " t i m e  out", 
t h e  fol lowing commands should be performed t o  reset t h e  ACE CSH timer 
a f t e r  t h e  OBC p u l s e  t r a i n  is e s t a b l i s h e d :  
SEND 0205 CSM INHIBIT TO A& A 
SEND 0206 CSM INHIBIT TO ACE B 
and when t h e  ACE CSM Timer does not  t i m e  o u t  Z 3 seconds): 
SEND 0208 CSM ENABLE TO ACE A 
SEND 0210 CSE! ENABLE TO ACE B 
The s e l e c t e d  ACE block comes on l i n e  in t h e  Computer Mode a t  power 
t u r n  ON, w i t h  its SM command r e g i s t e r s  i n i t i a l i z e d  t o  a l l  1's or 
maximum s i g n a l .  Fer t h i s  reason  Wheel Drive 2nd Magnetic Torquer 
Dr iver  SM conwinds of zero o r  other d e s i r e d  vnlmea must be isnrred 
before t h e  Wheel and Hngnet ic  Torquer drivca are enabled. Goth wheels 
and magnetic t o r q u e r s  are d i s a b l e d  by Launch Mode and by their 
r e s p e c t i v e  powcr OFF comuiands. 
The ACE TAM Bias, Efagnetic Torquer Bias  and I R U  Kate Bias SM command 
r e g i s t e r s  must be i n i t i a l i z e d  p r i o r  t o  t h e i r  use  by t h e  MACS in t h e  
Safehold Mode. Therefore ,  i t  i s  recommended t h a t  SM commands of zero  
o r  t h e  d e s i r e d  va lue  be en tered  i n t o  t h e i r  r e s p e c t i v e  ACE block 
s t o r a g e  r e g i s t e r s  as soon as p o s s i b l e  a f t e r  power t u r n  ON t o  t h a t  ACE 
block. 
I n h i b i t  t h e  MACS CSM t o  prevent  swi tch ing  t o  t h e  Safehold mode when 
commanding t h e  HAC5 out of t h e  launch mode if t h e  OBC i s  not  running. 
NOTE: If  computer is on and f u n c t i o n i n g ,  t h e  system w i l l  n o t  go t o  
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3 - 4 . 2  MACS TELEMETRY CONSTRAINTS 
1. The fo l lowing  PACS te lemet ry  is unavai lab le  IPS a f u n c t i o n  of 
Computer/Safehold Modes: 
a. Computer Mode 
(1) 
(2 )  
(3) FSS POSN SDD is not  v a l i d  u n t i l  t h e  FSS is powered and Sun 
TACH and I R U  P o s i t i o n  Analog Telemetry not  a v a i l a b l e  
TAM Compensated S i g n a l  Analog Telemetry not  a v a i l a b l e  
Acquired a a  i n d i c a t e d  by a l o g i c  1 i n  t h e  Sun Presence b i t  
IRU POSN SDD only a v a i l a b l e  from t h e  OBC via t h e  CdDH R I U  
TACH POSN SDD only a v a i l a b l e  from t h e  OBC via t h e  CLDH R I U  
The FHST POSN SDD and S t a r  I n t e n s i t y  Analog Telemetry is not  
v a l i d  u n t i l  t h e  FHST is powered and star acqui red ,  as 
i n d i c a t e d  by a l o g i c  "1" i n  t h e  STAR PRESENT b i t  
( 4 )  
( 5 )  
( 6 )  
b. Sslfehold Mode/OlGC Rot Opera t iona l  
(1) TACtf SDD n o t  a v a i l a b l e  
( 2 )  IRU POSN SDD n o t  a v a i l a b l e  
( 3 )  FSS POSN SRD is not  v a l i d  u n t i l  t h e  FSS is powered and sun 
acqui red  as i n d i c a t e d  by a l o g i c  "1" i n  t h e  Sun Presence b i t  
C.  Safehold Mode/OBC Opera t iona l  
(1) TACH SDD not  a v a i l a b l e  
( 2 )  IRU POSN SDD only a v a i l a b l e  from t h e  OBC v i a  t h e  ChDH R I U  
(3) FSS POSN SDD is not  v a l i d  u n t i l  t h e  FSS is powered and t h e  
as i n d i c a t e d  by l o g i c  "1" i n  t h e  Sun Presence sun  acqui red  
b i t .  
2 .  Whe:, an R I U / E U  is powered i n  t h e  STDBY 2 mode, temperature  te lemet ry  
i s  a v a i l a b l e  from t h e  PSU, ACE, I R U ,  SRWs, FSS and the o p t i c e l  bench 
r e g a r d l e s s  of t h e  power t i t a tus  Of t h e s e  coinponenta. 
3 .  Valid I R U  ;4otor Curren t ,  and Regulated Voltage analog te lemet ry  i s  








Valid ACE serial d i g i t a l  d a t a  is a v a i l a b l e  on ly  from t h e  
block. 
Val id  ACE s t anda rd  r e a c t i o n  wheel t ach ,  if icrt ial  r e fe rence  u n i t  
p o s i t i o n  and t h r e e  ax28 magnetometer compensated ana log  t e l eme t ry  i s  
a v a i l a b l e  on ly  from t h e  powered ACE sa feho ld  e l e c t r o n i c s  block. L 
The 4 Hz Presence SDD t e l eme t ry  provides  an i n d i r e c t  measure of t h e  
s t a t u s  of tbe RZU 1.024 MHz clock.  Since: t he  t e l eme t ry  b i t  is de r ived  
by ACE l o g i c  from t h e  computer p u l s e  t r a i n  (CPT) and t h e  ACE 4 Hz 
c lock ,  t h a t  is, counted dow. from t h e  1.024 HHz c lock  i t  r e c e i v e s  from 
t h e  R I U ,  i t a  performance and cer ta l tn  l i m i t a t i o n s  must be understood 
f o r  i t s  e f f e c t i v e  use.  These are b e s t  def ined by t h e  fo l lowing  s i g n a l  
combinations : 
powered ACE 
LAUNCH MODE( LM) 4 Hz SIGNAL CPT SIGNAL 4 Hz PRESENCE 
STATUS STATUS STATUS SDD TLM 
m 
CR 
4 Hz X 
CPT 
1 .  
0 
LM X CPT G 
X ClsT ? LM 
where X Denotes Do Not Care and ? denotes  inde te rmina te  
Once o u t  of launch mode (LM)89, a v a l i d  1.024 MHz c lock  s i g n a l  
produces a l o g i c  "1" 4 Iiz Presence SDD te  emetry b i t .  A f a i l u r e  of 
t h e  1.024 MHz c l o c k  produces a l o g i c  "0" 4 Hz Presence SDD telemetry 
b i t ,  provided t h e  CPT is presen t .  When t h e  HACS is o u t  of t h e  launch 
mode and should both t h e  1.024 MHz c lock  and CPT f a i l  a t  t h e  same 
t i m e ,  t h e  4 Mz SDD ou tpu t  would be i n d e t e r d n a t e .  However, i n  t h i s  
even t ,  t h e  MACS w i l l  swi t ch  t o  t h e  Safebold Mode and anomalous 
performance i n d i c a t i o n s  from o t h e r  telemetq w i l l  i n d i c a t e  t h e  h e a l t h  
of t h e  1.024 Mliz clock.  V e r i f i c a t i o n  of t he  1.024 MHz RIU A and R I U  B 
c lock  s i g n a l s  i n  launch mode r e q u i r e s  t h e  use of  t h e  S e p a r a t i o n  S igna l  
Override ON and Sepa ra t ion  S i g n a l  Overr ide OFF Commands. 
3 . 4 . 3  MACS COHPAND CONSTWINTS 
c 
1. The " sepa ra t ion  s i g n a l  o v e r r i d e  OFF d i s c r e t e  rrcpmnd t o  ACE A" can  
only be i s sued  v i a  R I U  A and t h e  " sepa ra t ion  s i g n a l  o v e r r i d e  d i s c r e t e  
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3 . 4 . 4  MACS TEMPERATURE CONSTRAINTS 
1. 
2. 
3 .  
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There is no s h u t t l e  r e t r i e w d  OFF d i s c r e t e  commd. This functkm Ls 
accoroplished by t h e  corresponding SAFEHOLQ OF?? d i s c r e t e  co~i~lmnd. 
Nagnetic Torquer Bias Commands and TAM Bias Commands may be en te red  
i n t o  t h e  a p p r o p r i a t e  s t o r a g e  r e g i s t e r s  du r ing  o p e r a t i o n  i n  e i t h e r  t h e  
computer o r  Safehold modes b u t  t hey  are e f f e c t i v e  on ly  during 
sa f  ehold 
Switching from ACE A t o  ACE B and then  back t o  ACE A i n  1 minGte is 
p roh ib i t ed  because of p o t e n t i a l  power conve r t e r  damage (also. from ACE 
B t o  ACE A). 
Commanding Low Rate mode f o r  any IRU channel in less than  
a f t e r  power t u r n  OR (of t h a t  channel)  may cause it not to respond. 
45 seconds 
The r e a c t i o n  wheel enable  t e l eme t ry  r e f l e c t s  t h e  combined s t a t u s  of 
t h e  wheel ON command and t h e  s e p a r a t i o n  switch.  
I f  misoion ana lys i s  p r e d i c t s  iwilcate low o p t i c n l  bench and FRST 
bracke t  temperature& p r io r  t o  FHST Power Turn ON,  send t h e  folloztng 
COm=LaildE: 
SEND 0241 RIST 2 NEATER PWR ON 
SEND 0242 FHST L HEATER PWR ON 
The MACS Group 1, Group 2 and Group 3 Heater power m u s t  be commanded 
ON t o  a l low t h e  thermal  c o n t r o l  t he rmos ta t s  t o  c o n t r o l  c u r r e n t  t o  
t h e i r  corresponding h e a t e r s  a t  low environmental  temperatures.  
The  MACS component ope ra t ing  temperature  l i m i t s  a6 provided by 
i n t e r n a l  temperature senso r s  and readout  on analog t e l eme t ry  are ae 
f oa1ows : 
Standard Reaction Wheels (SRW) t o  65OC 
Power Switching Unit  (PSU) 
Fine Sun Sensor (FSS) 
Remote I n t e r f a c e  U n i t  ( R I U )  
- 1 G O c  t o  55% 
-10% t o  55% 
-1O@c t o  60% 
I W  CH A,  B ,  C o°C t o  65OC 
- 50C t o  6OoC F i x e d  Head S t a r  Tracker  (FBST) 
x 
L SI)-w c- 2 6 3 
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A t t i t u d e  Con t ro l  Elec (ACE) 
O p t i c a l  Bench 
-lo°C t o  6OoC 
0% t o  45OC 
4 .  During mission norma: o p e r a t i n g  modes, t h e  f i x e d  head star t r a c k e r  
(FHST) h e a t e r  power must be commanded OFF when FHST power is  commanded 
ON t o  avoid FHST ove r  temperature cond i t ion .  When t h e  FHST power is  
OFF, t h e  FHST h e a t e r  power mst be comanded ON t o  provide FHST h e a t e r  
c o n t r o l .  
5 .  FHST Heater c i r c u i t s  are t h e r m o s t a t i c a l l y  c o n t r o l l e d  t o  t u r n  OFF a t  
45OC, however, during per iods when a FHST Heater i s  ON, t h e  
corresponding t r a c k e r  must be commanded ON period!.cally f o r  b r i e f  
pe r iods  (less than  a minute) t o  monitor t h e  FHST temperature ,  s i n c e  
t h e  FHST analog t e l eme t ry  is de r ived  from a c t i v e  c i r c u i t s  w i t h i n  t h e  
t r a c k e r .  
3.4.5 MACS PRESSURE CONSTRAINTS 
Not Applicable 
3 -4  e6 MACS VIEWING CONSTRAINTS 
1. Maximun. l i n e a r  range of the FSS I s  - +32 degxees ref .a t ive t o  i t s  
r e fe rence  frame. 
2 .  FHST maximum FOV i s  8 degrees  TFOV o r  1.25 deg rees  square f o r  RFOV 
(reduced FOV). 
FHST FOV i s  blocked by a s h u t t e r  whenever t h e  sun o r  e a r t h  l imb 
w i t h i n  28  degrees  o r  17.5 degrees  r e s p e c t i v e l y  of i t s  o p t i c a l  axis. 
3 .  comes 
4 .  CSS l i n e a r  FOV is  +25 degrees  and s a t u r a t e s  a t  225.6 degrees .  I n  a 
s a t u r a t e d  condi t iGn,  0 VDC (0  coun t s )  i n d i c a t e s  a nega t ive  s p a c e c r a f t  
r o t a t i o n  from CSS n u l l  a i d  5.12 VDC (255 count)  f o r  p o s i t i v e  r o t a t i o n  
. from CSS n u l l .  CSS TFOV is  -180 t o  +180 degrees.  
3 . 4 . 7  MACS OPERATING MODE CONSTRAINTS 
1. - F  t h r u s t e r s  are employed f o r  sun a c q u i s i t i o n ,  t he  wheel power ON 
Cc. 7ands may be delayed u n t i l  a f t e r  sun a c q u i s i t i o n ,  bu t  t h e  fol lowing 
Sc-fohoLd t h r u s t e r  c o n t r o l  enable s i g n a l  must be sen? as a contingency: 
SEND 0274 (010263 OCTAL) THWSTER COI4TROL ACE A SDD BIT 17  
c 
2.  I f  t h r u s t e r s  are employed f o r  sun a c q u i s i t i o n ,  t h e  magnetic t o rque r  
power ON Commands may be delayed u n t i l  t h e  wheel power ON commands a r e  
i s sued .  
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During launch s p a c e c r a f t  rates are l i m i t e d  by t h e  IRU s u r v i v a l  re te  
l € m i t  of 600 degrees  p e r  secon3 f o r  a d u r a t i o n  o f  20 
S,a i ec raE t  rates for  YiACS a t t i t u d e  c o n t r o l  mus i n f t e d  t o  2 
debrees  per second, t o  provide a u s e f u l  ou tpu t  € o r  i n i t i a l  a c q u i s i t i o n  
o r  r e a c q u i s i t i o n  of s p a c e c r a f t  r e f e rence ,  due t o  t h e  l i m i t e d  
o p e r a t i o n a l  range of the IRU High Rate Range. 
During n o m a 1  o p e r a t i n g  modes, with t h e  MACS ope ra t ing  i n  Computer 
Mode and t h e  DRIRU in t h e  Low Rate Range, spaceeraf t r a t e s  must be 
l i d t e d  t o  0.11 degrees  p e r  second t o  s t a y  w i t h i n  t h e  l i n e a r  range of 
t h e  IIu9 POSE output .  
Before swi t ch ing  RIUs and still  remain In  t h e  computer mode, i n s u r e  
t h a t  t h e  p u l s e  t r a i n  is being s e n t  t o  t h e  RIU t o  be turned on p r i o r  t o  
t u r n i n g  i t  on, as w e l l  a s  sending i t  t o  t h e  RIU p r e s e n t l y  i n  use.  
maximum. 
MPS power is provided t o  on ly  one ACE block a t  a time. When o u t  of 
t h e  launch mode and ACE needs t o  be switched,  power t o  t h e  SRWs and 
Magnetic Torquers must be turned OFF j u s t  p r i o r  t o  switching ACES and 
t h e  i n i t i a l i z a t i o n  command executed immediately faf lowiqq switching t o  
t h e  redundant ACE block. Power to the SRWs and i3agnetf.c Torquer3 a r e  
then  switched back ON. 
Following f L i g h t  segment s e p a r a t i o n  f roa  t h e  launch v e h i c l e ,  t h e  
mxinum t i p  off r a t e s  should no t  exceed .25 degrees  pe r  second t o  
m i i i n ~ a i ~  noniinal a t t i t u d e .  
O r b i t  Adjus t  Hode R e s t r a i n t s :  
a. OBC c y c l e  t i m e  must be set  t o  256 m s . ,  r equ i r ed  by ACS se rvo  w i t h  
t h r u s t e r s  i n  use. (280 ms. max. ACS t h r u s t e r  p u l s e  time i n  PM-1.) 
b e  PM-2 ACS p u l s e  l e n g t h  of 280 m s .  must be s e l e c t e d .  
C .  The s o l a r  a r r a y  must be wi th in  ?loo of t he  eqmtor-al p o s i t i o n  
due t o  f l e x i b l e  body e f f e c t s  on ACS s t a b i l i t y .  
d.  The maximum burn d u r a t i o n  is 10 minutes due t o  ACS long term 
i n s t a b i l i t y  . 
e. T h r u s t e r  valves s h a l l  not be opened downstream of a c losed  l a t c h  
va lve  such  as t o  d r a i n  the l i n e s  between t h e  l a t c h  valves and ttie 
t h r u s t e r s  because of p o t e n t i a l  problem :-hen the  lines a r e  
r e f i l l e d .  Also p o t e n t i a l  pzoblegns with the latch va lves  could 
r e s u l t .  I f  t h r u s t e r s  a s e  s e l e c t e d  fOK sa feho ld  tlien l a t c h  
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f .  The ACS mode t o  be en te red  upon complet ion of the o r b i t  a d j u s t  
mode must be en te red  (commanded) as p a r t  o f  the o z h i t  ad jusc  
d a t a .  Appropr ia te  f lags  must be se t  i n  t h e  CBC. 
g. PM-1 must be configured f o r  o r b i t  a d j u s t s .  PHE enabled ,  l a t c h  
valve p o s i t i o n s ,  etc. 
3 . 4  -8 MACS SAFEKOLD RESTRAINTS 
1. MPS power shutdown t o  t h e  MACS modur-e must a lways be preceded by 
MACS cornwanding OFF a l l  MACS equipiuent except  one RIU/EU and one ACE. 
turn-off  commands are as fo l lows:  
SWR Power OFF (R,  P ,  Y & S) 
Magnetic Torquers OFF (A & B) 
FSS OFF 
FHST OFF (1 & 2) 
TAM OFF (1 & 2) 
MACS HTR G W  OFF (1, 2 & 3) 
1 ACE OFF ( A  OR E) 
1 RIU OFF (A OR B) 
IRU OFF ( A ,  B, C)- 
FHST HTR OFF (1 Q 2 )  
2 .  When ACE A i s  powered, TPJf f i s  au tomnt i ca l ly  enabled and  i t  is 
recommended t h a t  TAX I be powered and t h e  TAP1 1 bias cornrrLarids be 
e n t e r e d  i n t o  the TAM bizs s t o r a g e  r e g i s t e r s .  The same is t r u e  of ACE E 
and TAM 2 .  Should t h e  TAM5 be swi tched ,  t h e  TAM b i a s  commands must be 
updated. 
3 .  When t h e  MACS swi tches  t o  t h e  SAFEHOLD mode, t h e  CSM T i m e r  must be 
reset by the  CSM i n h i b i t  command and the  presence of t h e  proper  CSM 
p u l s e  t r a i n  v e r i f i e d  p r i o r  t o  swi tch ing  back t o  t h e  computer mode. 
4. The MACS serial magnitude command 14 must be s e n t  t o  p r e s e l e c t  
(enable)  t h e  e a r t h  s e n s o r  and gyro  compass i n p u t s  f o r  sa fehold  
ope ra t ion .  
5. Gyro d r i f t  du r ing  safehold  f o r  Rate  Damping mode of t h e  Flight Segment 
i s  57-2O/hr .  
The  MACS provides  redundancy f o r  a l l  essential components. The redundancy can 
he c l a s s i f i e d  as  one of tnree types  as fol lows:  
1.  LEDICATED i s  where one redundant conponeat is hardwired i n  a channel 
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3 .  PASSIVE is where e i t h e r  of two redundant conponznts can be s e l e c t e d  by 
command f o r  u s e  i n  a s p e c i f i e d  channel.  
ACTIVE is where two redundant u n i t s  are cross-s t rapped and e i t h e r  only 
a s e l e c t e d  u n i t  is powered o r  both u n i t s  are powered and a c t i v e .  
3 .  
The MACS has two umdes of o p e r a t i o n  and each made u s e s  a combination of 
components p l u s  components comToon t o  b o t h  icodes. The HACS redundancy depenZs 
upon t h e  mode of o p e r a t i o n .  
I n  t h e  Computer Mode, t h e  On-board Computer determines t h e  MACS c o n f i g u r a t i o n  
and performs t h e  computations needed t o  c o n t r o l  t h e  s p a c e c r a f t .  The OBC, under 
sof tware c o n t r o l ,  selects t h e  s e n s o r s  t o  be used, and t h e  OBC can r e q u e s t  d e t a  
from any s e n s o r  that is powered ON which is t h e  e q u i v a l e n t  of ACTIVE redundancy. 
The A t t i t u d e  Cont ro l  E l e c t r o n i c s  (ACE) has  d u a l  channels  (ACE A/ACE B) and each 
channel has a dedica ted  Drive S i g n a l  Processor  t h a t  decodes t h e  C&DH commands . 
f o r  t h e  Standard React ion Wheels o r  f o r  t h e  Magnetic Torquer Bars. The ACE 
s u p p l i e s  t h e  d r i v e  s i g n a l s  f o r  t h e  SRWs and f o r  t h e  Elagnetic Toruqer Bats. 
The MACS A t t i t u d e  Cont ro l  E l e c t r o d e s  congonezit tias redundant chznnels:  ACE A 
and ACE B. And o n l y  one channel  can be powered at any m e  tiica. Discrete 
Commands apply power t o  t h e  s e l e c t e d  ACE as follows: 
DC 7 ACE A PblR OK/ACE B PwIi OFF 
DC 61 ACE B P'kR ONIACE A PWR OFF 
I n  t h e  Computer Mode, t h e  OBC commands are processed by t h e  powered ACE. F igure  
3.5-4 shows t h e  ACE redundancy diagram. 
The ACE i n c l u d e s  redundant Safehold channels  and each Safehold channel  i n c l u d e s  
redundnzt sensors .  S e r i a l  Magnitude Conmands determine t h e  s e n s o r s  t o  be ussd 
i n  t h e  ACE A o r  ACE B Safehold Mode. F i g u r e  3.5-2 shows t h e  redu3dancy f o r  t h e  
ACE A Safehold channel.  hnd Figure  3.5-3 shows t h e  redundancy dtrgrarn f w  t h e  
ACE B Safehold channel.  
The Safehold Mode i s  c o n t r o l l e d  by Discrete Commar.ds which must be cor l s i s ten t  
with t h e  ACE c u r r e n t l y  powered. The Safehold C o m n d s  are i+pl fol lows:  
DC 16 ACE A SAFEHOLD ON 
DC 20  ACE H SAFEHOLD CFF 
DC 34 ACE B SAFEHOLD OH 
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The Safehold channel  is eelectec! by t h e  a p p r o p r i a t e  Discrete CoPMand which 
c o n s t i t u t e s  PASSIVE redundancy. F igure  3-12 shows t h e  redundancy diagram f o r  
t h e  ACE i n  t h e  S a f e t o l d  Plode. 
3.5.2 XNERTIAL REFERENCE UNIT REDUNDANCY 
The I R U  c o n t a i n s  t h r e e  gyros which are a l i g n e d  t o  d e f i n e  t h r e e  mutual ly  
or thogonal  a x i s .  The gyros supply a n g u l a r  i n e r t i a l  rate sens ing  about  t h e  t h r e e  
or thognal  axes  wi th  redundancy f o r  a l l  t h r e e  axes. 
The MAC c o n t a i n s  one SRW mounted a long  each of: t h e  t h r e e  r e c t a n g u l a r  coord ina te  
a x i s  and one skew SRW mounted a t  eqccal a n g l e s  from t h e  o t h e r  t h r e e  Each 
SRW has a dedica ted  d r i v e  e l e c t r o n i c s  and t h e  skew wheel can be a c t i v a t e d  t o  
r e p l a c e  any s i n g l e  SRW. The SRWs must be powered ON by Discrete Command. A 
S e r i a l  Magnitude Command selects t h e  t h r e e  SRWs t o  be used by e i t h e r  Safehold 
channel.  I f  t h e  skew wheel is s e l e c t e d  i n s t e a d  of one of t h e  c o o r d i n a t e  SRWs, 
t h e  Safehold Electronics c o r r e c t s  € o r  t h e  torques  generated by t h e  skew wheel 
about  t h e  a c t i v e  SRM coord ina te  axes .  
SRWs. 
The skew wheel provides  ACTIVE Redundancy f o r  a f a i l u r e  of  one o u t  of t h r e e  
c o o r d i n a t e  SRWs. 
The X and Y-axis magnetic t o r q u e r  b a r s  each have two s e p a r a t e  and independent 
windings and each s i n d i n g  has  a dedica ted  Magnetic Torquer Drive E l e c t r o n i c s  
channel. The z-axis hes two independent Torquer Bars w i t h  dedica ted  Magnetic 
Torquer Drive E l e c t r o n i c  channels.  I n  norti~al o p e r a t i o n  a l l  s i x  channels  are 
a c t i v e .  
I n  t h e  event one of t h e  d u a l  channels  (on t h e  saffie axis)  f a i l s ,  t h e  Magnetic 
Torquer Drive change6 t h e  g a i n  in t h e  remaining channel and t h e  Magnetic 
Torquers cont inu? t o  f u n c t i o n  w i t h  no degrada t ion  i n  performance. This  provides  
pass ive  redundancy € o r  each of t h e  t h r e e  a x i s .  
3.5.5 COMPUTER STATUS I-fONITOR (CSM) REDUNDANCY 
CSM A and CSd B employ c r o s s  s t rapped  power and provide a redundant c a p a b i l i t y  
t o  sense  an OBC anomaly. The OBC ser,ds p u l s e  t r a i n s  t o  both CSH A and CSM B. 
I f  e i t h e r  o r  both CSM A o r  CSPI 13 f a i l  t o  r e c e i v e  ttiree consecut ive  discrete 
coslmand OBC pulse t r a i n  i n p u t s ,  t h e  CSM i n t e r v a l  timer w i l - l  "tine out'. A CSM 
"Time Out" Safehold b i l e v e l  s i g n a l  w i l l  g e n e r a t e  a Safehold ON l o g i c  s i g n a l  




The CSMs are ACTIVE redundant.  
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3.6 MACS/ESAM CKWNDS 
Operat ion of t h e  MnCS is c o n t r o l l e d  u t i l i z i n g  a t o t a l  of 70 commnds, of t h e s e ,  
64 are d i s c r e t e  c o a n d s  and 6 are serial message command words. Opera t ion  of 
t h e  ESAM is c o n t r o l l e d  u t i l i z i n g  a t o t a l  of 10 d i s c r e t e  commands. No serial 
a s s a g e  commands are used by t h e  ESAM. 
The commands are l i s t e d  i n  Table 3.6-1 thKoGgh 3.6-3 for the MACS snd ESAM 
commands, and are descr ibed  i n  Paragraph 3.6.1. Comaand eeguences and 
r e s t r a i n t s  a r e  provided i n  Paragraph 3.6.2 and 3.6.3. Funct iona l  schematics  of 
command o p e r a t i o n  appear  i n  Paragraph 3.6.4 - 
3.6.1 COMMAND DESCRIPTIONS 
3.6.1.1 - R I U  S e l e c t i o n  Commands 
R I U  2 SELF STANDBY 1 
R I U  2 SELF STANDBY 2 
The s e l e c t i o n  of R I U  28 or 2 B  is contrc . l led by t h e s e  two discrete commnds. The 
f u n c t i o n a l  schematic  f o r  t h e s e  commands is i l l u n r r u e e d  i n  Figure. 3.6-1. The 
Operat ion of t h e s e  comands  is I d e n t i c a l  fox R 1 U  A an& B. 
R I U  2 SELF STANDBY 1 t o  R I U  A enables  B p u l s e  t o  one side of E lo tc l t ing  r e l a y ,  
c l o s i n g  i t ,  connect ing R I U  i n t e r n a l  s i g n a l  grounds t o  e x t e r m l  s i g n a l  grounds. 
I n  t h i s  c o n f i g u r a t i o n  t h e  R I U  i s  i n  STANDBY 1 mode as evidenced by MACS b i l e v e l  
te lemet ry ,  ARIUHATE = 1. R I U  2 SELF STANDBY 2 t o  R I U  A e l e v a t e s  RlCU A t o  t h e  
STANDBY 2 mode, enabl ing  i t s  u s e  f o r  command and te lemet ry .  I n  a d d i t i o n ,  t h i s  
command e n a b l e s  a p u l s e  t o  R I U  B ,  t u r n i n g  i t  o f f .  T h i s  prevents  bo th  RY.U's from 
being on s imultaneously.  The te lemet ry  v e r i . f i c a t i o n  t h a t  R I U  A is i n  the 
STANDBY 2 mode is  i n d i c a t e d  by MACS b i l e v e l  A R I U I D  - 0. 
The complement t o  t h i s  series of commands i s  to send t h e  8-63 commands t o  R I U  8, 
r e s u l t i n g  i n  R I U  B being on i n  t h e  STANDBY 2 mode and R I U  A o f f .  The te lemet ry  
v e r i f i c a t i o n  t h a t  R I U  B is i n  t h e  STANDBY 2 mode i s  i n d i c a t e d  by MAGS b i l e v e l  
A R I U I D  = 1. 
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3.6.1.2 Sepa ra t ion  S igna l  Override Control  
,i 
SEPAR2TION SIGNAL OVERRIDE ON TO ACE A 
SEPARA"1OiJ SIGNAL OVERRIDE ON TO ACE B 
SWARM i O N  SIGNAL OVERRIDE OFF 
The f u n c t i o n  of t h e s a  t h r e e  d i s c r e t e  commands is t o  c o n t r o l  t h e  s e p a r a t i o n  
s i g n a l  o v e r r i d e  c a p a b i l i t y  b u i l t  i n t o  each ACE. The f u n c t i o n a l  schematics f o r  
t h e s e  commands is  i l l u s t r a t e d  i n  Figure 3 .6 -2 .  The ope ra t ion ,  f u n c t i o n a l  
schematic,  and complenent are i d e n t i c a l  f o r  both ACE A and B commands. i 
' 
Separa t ion  s i g n a l  o v e r r i d e  on command, enab le s  a l o g i c  func t ion  i n  t h e  ACE which 
o v e r r i d e s  s e p a r a t i o n  swi t ch  c l o s u r e .  The complement t o  t h e  o v e r r i d e  enab le  
command is t h e  o f f  command which pu l ses  a l o g i c  f l i p - f l o p  t o  d i s a b l e  t h e  
ove r r ide  func t ion .  Note t h a t  t h e  s e p a r a t i o n  s i g n a l  ove r r ide  off command to  ACE 
A must be commanded t h r u  R I U  A. Likewise, t h e  o f f  commnnd t o  ACE B must be t h r n  
R I U  5 ,  
Tcfemetry i n d i c a t i o n  of ove r r ide  s t a t e  i r r  made v i a  %avr,ch mode A end B Lelenetry 
po in t s .  
A b i l e v e l  ze ro  i n d i c a t e s  t h a t  t h e  override f u n c t i o n  is exnabled o r  that t h e  
s e p a r a t i o n  bwitches are open. 
A b i l e v e l  1 i n d i c a t e s  la-nch iitcde w i t h  t h e  ovcrriae f u n c t i o n  d i sab led .  
3.6.1.3 CSN Fu l se  T:ain Commands ~ - -  
CSN PULSE TRAIN TO ACE A 
CSM PULSE TRAIN TO AGE B 
The f u n c t i o n  of t h e s e  two d t s c r e t e  commands is t o  enable  a l o g i c  l e v e l  p u l s e  t o  
t h e  CSM e l s c t r o n i c s  thus  s imula t ing  t h e  p r e s e r c e  of t h e  a c t u a l  p u l s e  t r a i n  fbon 
t h e  OBC. The f u n c t i o n a l  schematic f o r  t h e s e  c o m n d s  i s  i l l u s t r a t e d  i n  F igu re  
3.6-2. The o p e r a t i o n ,  f u n c t i o n a l  schematic and complement a r e  i d e n t i c a l  f o r  
both ACE A and b commands. 
To s i m u l a t e  t h e  OBC p u l s e  t r a i n ,  t h e i e  commands must be s e n t  r epea ted ly .  I f  
not ,  and t h e  CSPI d e t e c t i o n  c i r c u i t  is  enabled,  a CSM tin?eout wI.11 occur.  There 
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3.6.1.4 CSM Control  
-I 
CSH EKABLE TO ACE A 
CSPI ENAELE TO ACE B 
CkW I N H I B I T  TO ACE A 
CSM I N I B I T  TO ACE B 
The f u n c t i c n  of t h e s e  f o u r  d i s c r e t e  co~llmends is t o  enab le  o r  i n h i b i t  t h e  
a s s o c h t e d  ACE A o r  B CSM d e t e c t i o n  c i r c u i t s .  The f u n c t i o n a l  schematic  € o r  
t h e s e  commands is I l l u s t r a t e d  i n  F igu re  3 . 6 2 .  T5e ope ra r ion  , f u n c t i o n a l  
schenratic,  t e l eme t ry  v e r i f i c a t i o n  and complement are i d e n t i c a l  f o r  bo th  A and B 
conmands . 
ESM ENABLE t o  ACE A, enab les  a p u l s e  t o  one side of a logic f l i p - f l o p  s e t t l a g  it  
t o  e n a b l e  t h e  CSM d e t e c t i o n  c i r c u i t .  I n  t h i s  mode t h e  253 pulse train =st be 
p resen t  t o  prevent  a CSPI tiareout and automatic  switch t o  sa feho ld .  The 
complement t o  the enable  command is t h e  CSH Ih'HLBIT command. The XNlIIBIT command 
enabLes a p u l s e  t o  thc- o p p o s i t e  s i d e  of t h e  l o g i c  f l i p - f l o p ,  causing i t  to  
reset, d i s a b l i n g  t h e  CSN d e t e c t i o n  c i r c u i t .  
Telemetq- v e r f f i c a t i o u  of CS!I P c t n c t i o n  circuit enable/ir&th$ t s t a t e  is 
iadicateci  by U C S  tclemetrjr psihro :.';SWJ an6 ACSMEi3 for ACE A a d  E C L K C U L t e ;  
r e s p e c t i v e l y .  A b i l e v e l  zero i ~ I P i c ~ t t ~  h a t the c i r c u i t  is m a b l 9 $ ,  a b i l e v e l  
one i n d i w t e s  Pnhibi t ed .  
3.6.1.5 ACL P t w e r  Con t ro l  -- 
ACE A POKER OFJ/ACE B POWER OFF 
ACE B ?OVER ON/ACE A ?OWER OFF 
The f u n c t i o n  oE t hese  two dj .screte  commands I s  t o  enable  ACE g m e r .  The 
func:io&?l schemat ic  f o r  t hese  colnaands is i l l u s t r a t e d  in Figure  3.6-5, 
ACE P: PW??:R ON mal - l e s  a p u l s e  ta one c o i l  of a l a t c h b g  relay caus ing  L t  t o  
switch t h e  +28 V ' T  power to ACE A, while simhtltaneouely removiw power f r o =  ACE 
B. The cornpiemen: I s  t h e  ACE B POVEER OK comcnand. T h i s  cogmaad enab les  a p u l s e  
t o  t h e  o p p o s i t e  coil of t h e  l ~ t c h l n g  r e l a y ,  causil lg it to switch t h e  4-28 V X  
power t o  ACZ B ,  remoring ?over from ACE A. 
Telemetry l i d i c a t i o n  of ACE power s t a t u s  is wide v i 3  ?iACS b i l e v e l  te lemetry 
Fa in t  AAONBGFF. A b i l e v e l  one i n d i c a t e s  ACE A power on. A b i l c v e l  z e r o  
i r rd fca t c s  ACE: B power on. 
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A RIU OC 'I 
B ACE A O M 3  OFF TP. I 
PS, I !  
TP. 
I 1 fr-----I 
/ACE a OFF RFUY FWQ 
l---A RIU 
I 
B ZWPVLSE I l l  
A RIU DC81 
6 AC€BOW/AOFF 
Figure 3.6-3. ACE Power Control Command Interface 
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3.6.1 -6 Ssfehold Control. 
ACE A SAFEWOLD ON 
AGE A SAFEWOLD OFF 
ACE B SAFEROLD 3N 
A(=E B SAFEHOLD OFF 
The f u n c t i o n  of t h e s e  f o u r  d i s c r e t e  commands is t o  enable  or d i s a b l e  t h e  
a s s o c i a t e d  ACE A or  B safehold  c i r c u i t s .  The functional!  schematic  f o r  t h e s e  
commands is i l l u s t r a t e d  i n  Figure 3.6-2. The o p e r a t i o n ,  f u n c t i o n a l  s c h e w t k ,  
te lemet ry  v e r i f i c a t i o n  and complement are i d e n t i c a l  f o r  bo th  ACE A and ACE B 
commands. 
ACE A SAFEHOLD ON command e n a b l e s  a p u l s e  t o  one s i d e  of a logic f l i p - f l o p ,  
s e t t i n g  i t  t o  enable  ACE A safehold  e l e c t r o n i c s .  The complement to  the enable 
command is t h e  ACE A SAFEWOLD OFF command. t h e  
o p p o s i t e  s i d e  of t h e  logic f l i p - f l o p ,  caus ing  i t  t o  reset, d i s a b l i n g  ACE A 
SAFEHOLD e l e c t r o n i c s .  
Thi6 command e m b l e s  a p u l s e  t o  
ACE B SAFEHOLD conmsnds o p e r a t e  in a similar fash ion .  
r e l c n e t r y  v e r i f i c a t i o n  of safeholid is fzjdicatcd by ACE A and B S&TEIULC 
e l e c t r o n i c s  s t a t u s  monitors whlch arc m u l t i - b i t  ceria1 te lemtrcy  mraPtoro t h e  
h i l e v e l s  liAsFXLD and ABSMLD i n d i c a t e  the s t a t e  sf ACE A and ACE E SAFEEOLD 
e l e c t r o n i c s  r e s p e c t i v e l y .  A h i l e v e l  me ind icutes  enabled, zero off. 
3.6.1.7 S h u t t l e  R c t r f e v s l  Comsnds 
ACE A SHUTTLE RETRIEVAL ON 
ACE B SWTTLE RETRIEVAL ON 
The f u n c t i o n  of t h e s e  two d i s c r e t e  couma:ids is t o  enable  ACE A and ACE B s h u t t l e  
retrieval. The f u n c t i o r a l  schematic € o r  t h e s e  comraands is i l l u s t r a t e d  in Figure  
3.6-2. The o p e r a t i o n ,  f u n c t i o n a l  schematic ,  t e lemet ry  v e r i f i c a t i o n  and 
cornplernent are i d e n t i c a l  f o r  bo th  ACE A and B commands. 
ACE A SHUTTLE RETRIEVAL ON command e n a b l e s  a p u l s e  t o  one s i d e  of 8 l o g i c  f l l p -  
f l o p  s e t t i n g  i t  t o  enable  t h e  s h u t t l e  r e t r i e v a l  c i r c u i t s .  ACE B SWTTLE 
RETRXEVAL OW commands o p e r a t e s  i n  a similar fash ion .  The conplaent r  to t h e  ON 
command is t h e  SAFEHOLD OFF coolinand. Safehold must f i r s t  be enabled before  
swi tch ing  t o  t h e  s h u t t l e  r e t r i e v a l  mode. 
x 
Telemetry v e r i f i c a t i o n  o f  s h u t t l e  r e t r i e v a l  is i n d i c n t 4  by ACE A and 33 siefehold 
e l e c t r o n i c s  s t a t u s  monitors which are multi-bf.t ~elrfoZ reif-setrg words - .b%SfiLT 
and ABSKLT a r e  t h e  b i l e v e l  te lenietry p o i n t s .  A b i l e v e l  1 f r .d ica tes  SEXK'IZE 
RETIPlEVAL is enabled ,  a Tero i n d i c a t e s  d i s a b l e d .  
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3 - 6  .I .H Power Cdnt ro l  
i'SS P O b 2 R  ON 
FSS POWER OFF 
The f u n c t i o n  of t h e s e  t w o  d s c r e t e  commands is t o  c o n t r o l  power t o  t h e  FSS. The 
func t ions1  schemat ic  €o r  these  commands is i l l u s t r a t e d  i n  F igu re  3 . 6 - 4 .  
FSS P O E R  ON command e n a b l e s  a pu l se  t o  one c o i l  of a l s t c h f n g  r e l a y  i n  the PSU, 
caus ing  i t  t o  close,  switching 4-28 VDC power to  t h e  FSS electroriicR. The 
complement t o  t h e  POWER ON commend is t he  POWER OFF. This  cornw~i~d enab le s  A 
p u l s e  t o  t h e  o p p o s i t e  c o i l  of t h e  l a t c h i n g  r e l a y ,  r e s u l t i n g  i n  t h e  removal of 
t h e  +28 VDC power from t h e  FSS. 
l e l eme t ry  i n d f c s t i o n  of FSS power s t a t u s  i c  made v i a  t h e  FSS two b i t  power 
s t a t u s  i n d i c a t o r  AFSSFWR def ined  AS fo l lows:  
Power S t a t u s  -- ___ 
FSS OFF 
FSS ON 
HS B __ LSB I- 
3 . 6 . 1 . 9  FHST Power Contro l  
I_ -- 
FHST 1 POWER ON 
FLIST 1 POLER ON 
FHST 1 AND 2 PUUER OFF 
I 1 
1 0 
The func t ion  of t h e s e  t h r e e  d i s c r e t e  c o m a ~ n d s  is t o  c o n t r o l  power t o  FWST 1 and 
2. The f u n c t i o n a l  schematic f o r  t hese  commnds is i l l u s t r a t e d  i n  Fi$ure 3.6-5 .  
The opera t ion  of t h e  POWER ON command 15 I d e n t i c a l  f o r  both t r a c k e r s .  
FHST FO'nlER ON commsnd enab le s  a p u l s e  t o  one coil of a l a t c h i n g  relay i n  t h e  
f'SL1, swi tch ing  +28 VDC povcr t o  t h e  a s s o c i a t e d  FHST e l e c t r o n i c s .  Y W E R  O N  t o  
each trrrcker is c o n t r o l l e d  independently.  The complement t o  t h e  W U E R  ON 
commnrjs is t h e  POhYR OFF command which a c t s  on bo th  t r a c k e r s .  The OFF cnomzand 
cncib1et.t a pulse t o  t h e  oppos i t e  c o i l  of t h e  l s t c b i n g  r e l a y s  t o  both FIIST 1 ami 
2 ,  cauelng them t o  o ~ e n ,  removing t h e  +?B VDC power from both t r a c k e r s .  
Telemetry v e r i f i c a t i o n  of ElST power S E ~ L U S  t s  i n d i c a t a d  vis b i i c v r l  rciemerry 
p o i n t s  ASTIPSIR and hST,IPk% f o r  FiiST 1 and 2 r c&pece lve ly .  A IiiIcveJ. <>ne 
indicates FHST POWER ON, zero OFF. 
c 
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31 December 1981 - LRU CH A ON/OFF LQGEC: S:E TO ACE A I 5  
-FB 28 f. VDC TO IRU CHANNEL A 
A 
B RILl IRU CH A PWR ON DC 21 
RIU 1RU CH A P W W  OFF DC 23 B 
- IRU CM €4 ON/OFF L O G E  SIG TO ACE pJ5 
CIRCUIT A§ ABOVE - 20 t 76 VDC TO IRU CHANNEL 5 
RIU IRU CH E3 PWR ON DC 22 
RIU 1RU CH 5 PWR OFF DC40 
y_ IRU CM C ON/OFF LOGIC SIG TO ACE A/B 
- 
CIRCUIT &5 ABOVE 
RIU I f f U  CKC G PWR OFF DC 57 --- -- --  -- 
f.?. 
FHST 1 OWOFF LOGlC SIG TO ACE A/B 








RIU F‘HST 1 PWR ON BC 13 
RIU FMST 1 & 2 PWR OFF DC 15 
RIU FHST 2 PWR ON oc 1 
28 2 
FHST 2 OM/OFF LOGiC TO ACE A/B 
VDC TO FHST 2 6 
Figure 3.6-5. IRU/FMST Power Control Command Intcrf  ace 
L S D- UP C - 2 6 3 
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TAM 1 POIJER O V  
TAM 2 POWER Oh 
TAM 1 AND 2 POWZR OFF 
f u n c t i o n  of t h e s e  t h r e e  d i s c r e t e  commands is  t o  c o n t r o l  power t o  TAM 1 and 
The f u n c t i o n a l  schematic f o r  t h e s e  commznds is i l l u s t r a t e d  i n  F igu re  3.6-1. 
o p e r a t i o n  of t h e  POWER ON command is  i d e n t i c a l  fOK each TAM. 
POWER O N  command enab le s  a p u l s e  t o  one c o i l  of a l a t c h i n g  r e l a y  i n  t h e  PSU, 
I 
switching +2S VDC power t o  t h e  a s s o c i a t e d  TAM e l e c t r o n i c s .  POWER ON t o  each TAM 
is c o n t r o l l e d  independent ly .  The complement t o  the  POWER ON commands is t h e  
POWER OFF command which a c t s  on both mgnetometexs.  The OFF command enab le s  a 
p u l s e  t o  t h e  oppos i t e  c o i l  of t h e  l a t c h i n g  r e l a y s  t o  both magnetoaeters,  causing 
them t o  open, removing t h e  +28 VDC power. 
Telemetry v e r i f i c a t F o n  of TAM power s t a t u s  is i n d i c a t e d  v i a  bi level .  t e l eme t ry  
p o i n t s  ATaMlBWR and RTAFQPLR for ThPf 1 and 2 r e s p e c t i v e l y s  k b i l c v e l  or:e 
i n d i c a t e s  TAM POWER ON,  zero CFF. 
3.6.1.11 I R U  Power Control  --
IRU CH A POUER O N  
IRU CH B POWER ON 
IRU CH C POWER O N  
XRU CH A POWER OFF 
IRU CH B POWER OFF 
IRU CH C POWER OFF 
The f u n c t i o n  of t h e s e  s i x  d i s c r e t e  comnands is t o  c o n t r o l  power t o  each I R U  
channel.  The f u n c t i o n a l  schematic f o r  t h e s e  commands is i l l u s t r a t e d  i n  Figure 
3.6-5. The o p e r a t i o n ,  f u n c t i o n a l  schematic ,  te lemetry v e r i f i c a t i o n  and 
complement are i d e n r i c d  for each channel. 
IRU CfWNEL POWER ON command enab le s  a p u l s e  t o  one c o i l  of a l a t c h i n g  r e l a y  in 
t h e  PSU, switching i-28 VDC power t o  t h e  a s s o c i a t e d  XRU channel.  The complement 
t o  t h e  POWER ON comnand bs t h e  POWER OFF command. This  connnand enab le s  a p u l s e  
t o  t h e  oppos i t e  c o i l  of t h e  l a t c h i n g  relay, causing i t  t o  open ,  removing t h e  4-28 
VDC power. 
Telemetry V e r i f i c a t i o n  of XRU power s t a t u s  is i n d i c a t e d  via b i l e v e l  t e l eme t ry  
p o i n t s  AIRUAPWR, AIRUBPhX and AIRUCPWR f o r  XRU channel8 A,  3 and C r enpec t fve ly .  
A b i l e v e l  one i n d i c a t e s  'IRU POWER O N ,  zero OFF. 
3-62 LSD-WPC-2 6 3 
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I R U  CH A H I G H  RATE 
I R U  CH B HIGH RATE 
IRU CH C HIGH RATE 
I R U  CH A LOW RATE 
I R U  CH B LOW RATE 
IRU CH C LOW RATE 
The f u n c t i o n  of t h e s e  S A  d i s c r e t e  commands -3 t o  c o n t r o l  t h e  s e l e c t i o n  of IRU 
i' rate range. The f u n c t i o n a l  schematic f o r  t h e s e  commands is i l l u s t r a t e d  i n  F igu re  
F 3.6-6. The o p e r a t i o n ,  f u n c t i o n a l  schematic ,  te lemetry v e r i f i c a t i o n  and 
schematic are i d e n t i c a l  €or  each channel. 
IRU CHANNEL HIGH RATE command enab le s  a p u l s e  t o  3ne c o i l  of a l a t c h i n g  r e l a y  i n  
t h e  IRU, switching t h e  high r a t e  s c a l i n g  r e s i s t o r  network i n t o  t h e  gyro t o r q u e r  
c o i l  c u r r e n t  monitor c i r c u i t .  The complement t o  t h e  H I G H  RATE command is t h e  
LOW RATE cdmmand. of 
t h e  l a t c h i n g  r e l a y ,  ewitch5.n~ t h e  low rate sca :L iq  r e s i s t o r  netoork i n t o  t h e  
gyro to rque r  c o i l  c u r r e n t  monitor c3 r c u i t .  
Telemetry v e r i f i c a t i o n  of IR!J r a t e  range s t a t u e  is i n d i c a t e d  v i a  5iZevel  
t e l eme t ry  p o i n t s  AIRUARXG, AIRUBFXG and hIfRrJCRt?G f o r  IRU channels  A ,  B end C 




The LOW RATE command enab le s  a p u l s e  t o  t h e  oppos i t e  c o i l  
I 
A b i l e v e l  one i n d i c a t e s  LOW RANGE o p e r a t i o n ,  zero HIGH RANGE. 
Magnetic Torquer -- Power Control  
X MAG TORQUER A ON 
X MAG TORQUER B ON 
Y MAG TORQUER A ON 
Y MAG TORQUER B ON 
Z MAG T O R Q E R  A ON 
Z MAG TORQUER B ON 
X , Y , Z  MAG TORQUER A OFF 
X , Y , Z  MAG TORQUER E OFF 
The f u n c t i o n  of t h e s e  e i g h t  d i s c r e t e  commands is t o  enable  magnetic t o rque r  
d r i v e s .  The funct ional .  s c h e s z t i c  f o r  t h e s e  conmands is i l l u s t r a t e d  i n  F igu re  
3.6-1. The ope ra t ion  of t h e  POWER ON command i s  i d e n t i c a l  f o r  each to rque r  
c i r c u i t .  
The HAGHETIC TOEQUER ON cornmind enab le s  a p u l s e  t o  one COLI of a l a t c h i n g  r e l a y  
i n  t h e  AGE, switching t h e  d r i v e s  LO t h e  to rque r s .  Each t o rque r  is enabled 
independent ly .  The complement t o  the  ON commands is t h e  OFF commands which acts 
on a l l  . t h r e e  of t h e  A o r  B s i d e  korquere s imultaneously.  The OFF commend 
enab le s  a p u l s e  t o  the  oppos i t e  c o i l  of t h e  l a t c h i n g  r e l a y  removing t h e  d r i v e s  
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' Figure 3.6-6. ZRU Rate Range S e l e c t i o n  Discre te  Command Inter face  
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Tolemetry v e r i f i c a t i o n  of t o r q u e r  s t a t u s  i s  ind ica t ed  via  t h e  btlevcl. t e lemet ry  
p o i n t s  l i s t e d  in Table  3.6-1. A b i l e v e l  one i n d i c a t e s  t o rque r  ON, zero OFF. 
3 . 6 . !  .14 SRW Power Control -- 
ROLL WHEEL POWER ON 
PITCH WHEEL POWER ON 
YAW W E E L  PO‘WER ON 
SKEW WHEEL POIJER ON 
ROLL WEEL POkTR OFF 
PITCH WHEEL POWER OFF 
YAW WNEEL POWER OFF 
SKEW WHEEL POWER OFF 
The func t ion  of thee  e i g h t  d i s c r e t e  commands is t o  c o n t r o l  SRW power. The 
f u n c t i o n a l  schematic  f o r  t hese  corrtrruinds i s  illustrated in Figure  3 . 6 - 3 .  The 
o p e r a t i o n ,  f u n c t i o n a l  schesiscic I con~ple-~ient and t e lemet ry  vcr%ffcatton are 
i d e n t i c a l  f o r  each whee l .  
WHEEL POLTR O N  command entibles a pu l se  io one c o i l  of a latchirir ,  re l~: ;  i o  t h e  
PSU. swi tch ing  power t o  t h e  nssociaccd wheel c l ~ ? c t t - ~ a l c s .  The complement is t h e  
POWER OFF command which ennblos  p1 pulse  t o  t h e  oppos i t e  c o i l  of t h e  latching 
r e l a y ,  removing power. 
Telemetry v e r i f i c a t i o n  of t o rque r  s t a t u s  is i nd ica t ed  v i a  b i l e v e l  te lemet ry  
p o i n t s  ASWNED, AYWJED, AZWHED and ASVHED f o r  t h e  r o l l ,  p f t c h ,  yaw and skew 
wheels r e spec t ive ly .  A b i l e v o l  one i n d i c a t e s  enabled ,  zero d i sab led .  
3.6.1.15 MACS Heater Cont ro l  
-I__ 
!-lACS NEATER GROUP 1 ON 
MAGS HEATER CKOUF 1 ON 
MACS NEATEL GROUP 3 O N  
EtACS HEATER GROUP 1 OFF 
MACS NEATEK G R O W  2 OFF 
ELICS HEATER GRlWP ? OFF 
‘She Punctton of these  s i x  d t sc re t e  cornmncis is t o  c o n t r o l  FlliCS h c ~ ~ i t ~ - r  power. 
The f u n c t i o n a l  sclteahatic for t h e s e  commands is i l l a s t r a t e d  Ln Figure  3.6-4. The 
o p e r a t i o n ,  f u n c t i o n a l  schematic ,  complctrent and te lemet ry  v e r i f i c a t i o n  are 
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R.WH. OR REG. 
B 28VPWLSE 
A RIU DC45 
B 28VPULSE 
A R l U  DC 47 
CtACUiT AS ABOVE 
.-..+m28 t VDC TO P. wn. 
DR REG 
A RIU 
2 8 V P U l S E  
w A RIU O.C. 53 
- 8  P. @fl PWR ON 
- A  RIUOC55  B P. WH. FWR OFF 
CfRCUlT AS ABOVE 
CIRCUIT AS ABOVE 
- _ p  
.- 28 : VDC TO Y .  Wfl .  
DR. REG 
A RIU 
B 28VPWlSE --- A Rlil13.C. 56 
-.-a A nru D.C. 58 
0 y Wfl. FWR O r F  
v D Y TIW P:VR OM 
--.-+, 28: 7 VDC TO S. Wfl. 
DR. REG 
A R I W  
B 28VPULSE 
__I A R l U O . C . 4 9  -B S. WSj. PWR OM 
./- A AIU O.C. 51 
E S. LVH. PWR OFF 
Figure 3 .6-7 .  SRW Power Cont ro l  Command Interface 
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MACS 
t h e  PSU, swi tch ing  +28 VDC power t o  t h e  a s s o c i a t e d  h e a t e r  group. 
t o  t h e  POWER ON command i s  t h e  OFF command. 
o p p o s i t e  c o i l  of t h e  l a t c h i n g  r e l a y ,  removing t h e  4-28 VDC power from t h e  
c i r c u i t .  
Telemetry v e r i f i c a t i o n  of h e a t e r  group power s t a t u s  is ind ica t ed  v i a  t h e  b i l e v e l  
te lemet ry  p o i n t s  l i s t e d  i n  Table  3.6-1. A b i l e v e l  one i n d i c a t e s  h e a t e r  power 
o f f ,  ze ro  on. 
HEATER GROUP ON COMMAND enables  a p u l s e  t o  one co i l  cf 9 l a t c h i n g  r e l a y  i n  
The complement 
Th i s  command enables  a p u l s e  t o  t h e  
h e a t e r  
3.6.1.16 FHST Heater Cont ro l  -- 
FHST 1 HEAZ'ER ON 
FHST 2 HEATER ON 
FHST 1 and 2 HEATER OFF 
The f u n c t i o n  of t h e s e  t h r e e  d i s c r e t e  commnds is t o  c o n t z o l  FEET i and 2 heater 
power. The f u n c t i o m l  schematic  for these comnaads is i l l u s t r a t e d  I n  F igu re  
3.6-8. Opera t ion  of the  HEATER P067ER GN coramanrf i s  i d e n t i c a l  f o r  FHST 1 and 2.  
The HEATER OM coinniand enables  a p u l s e  t o  one c o i l  of  a l a t c h i n g  r e l a y  i n  t h e  
PSU, swi tch ing  +28 VDC power t o  t h e  a s s o c i a t e d  FHST h e a t e r  c i r c u i t .  ?ouer tc 
each FHST h e a t e r  i s  c o n t r o l l e d  independent ly .  The complement t o  t h e  POWER ON 
command is  t h e  OFF command which a c t a  on both  FHST h e a t e r  c i r c u i t s  
s imul taneous ly .  The OFF command enab le s  a p u l s e  t o  t h e  oppos i t e  c o i l s  of t h e  
l a t c h i n g  r e l a y s  t o  both h e a t e r  c i r c u i t s ,  caus ing  them t o  open, removing t h e  t-28 
VDC power. 
Tel-metry v e r i f i c a t i o n  of FHST L a t e r  power s t a t u s  is ind ica t ed  via  b i l e v r l  
te lemet ry  p o i n t s  ATRlHTA, ATRlHTB- ATR29Tfi and ATR2HTB f o r  FHST 1 A/B and FHST 2 
A/B h e a t e r s  r e s p e c t i v e l y .  
3.6.1.17 FHST Cont ro l  
A b i l e v e l  one i n d i c a t e s  HEATER PGER OFF, ze ro  ON. 
-- 
FHST 1 CONTROL 
EHST 2 C3NTROL 
The f u n c t i o n  af these t w o  seriel  magnltude commnds is to c o n t r o l  the o p e r a t i o o  
of WST 1 and 2 .  The f u n c t i o n a l  s c h e n a t i c  f o r  t h e s e  commands is i l l u s t r a t e d  in 
Figure  3.6-9. The opctrdtion, f u n c t i o n a l  schematic ,  and te lemet ry  v e r i f i c a t i o n  
is  i d e n t i c a l  f o r  each t r a c k e r .  
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FB-ST 1 HEATER ON/OFF LOGIC * SIG TQ ACE A/B 
0 ;P 28 k 7  VDC TO FHST 1 HEAVER 6 _ _  
T.F. 
I 
A RIU FHST 1 HEATER 
M R  ON DC42 
A 
B 
Idiil'ZES v FtrLSE 
FHST 2 HEATER ON/OFF LOG% 
SIG TO A c t  A i8  
28 f VDC TO FXST 2 HEATER 
Figure 3 .6-8 .  FKST Heater Power Corrtrol Command Interface 
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Figure 3.6-9. .WST S e r i a l  Magnitude C o w a d  I n t e r f e c e  
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PBST c o a t r o l  cormam3 d e f i n i t t o t  is prtLentesi tin Table  3.6-4,  end inclaasZes the 
following f u n c t i o n s  : 
e The r equ l r ed  star b r igh tness  threshold  f o r  star a c q u i s i t i o n  ia 
commanded )ty b i t s  2 through 4 
o The O f f s e t  Mode f o r  s t a r  aCqUiSit iQn is ccmnanded by b i t 6  8 through 16 
e The trackeer s h u t t e r  can be commanded open by b i t s  1 and 5 even though 
i t  had been c losed  by the BOS o r  a Targe t  Suppress sigttal 
c The Break Track Command ( b i t  6 )  w i l l  r e t u r n  t h e  FHST from t h e  "track" 
mode to ebe 'seatch" mode. It w i l l  also un la t ch  t h e  s h u t t e r  and 
r e t r u n  it t o  rzorrnsll o p e r a t i o n  if i t  had been l a t ched  by a TS signal 
3.6.1.18 ACE Command Word 1 - -- 
ACE A COWUND WORD 1 
ACE 3 comm WORD 1 
COKNAND W0P.D 1 Befin 'c t ion f a  prebented i n  T a b l s  3.6-5. Included i n  t h i s  cmmand 
i s  t h e  c a p a b i l i t y  t o  coszmand d r l v e s  to each of the  r e a c t i o n  wheel and l a g n e t i c  
t a r q u e r s .  In a d d i t i o n ,  msgnet ic  rorquer  and TAM biases can a l s o  be connaanded. 
The f o u r  wheel d r i v e  coawnds  are processed by t h e  SH command r e c e i v e r .  are 
decoded accordance with t h e i r  address and d i s t r i b u t e d  t o  t h e  proper  s t v r a g e  
r e g i s t e r  and D/A Converter as shown i n  F i g u r e  3.6-11. Each 9 bit p lus  s j o n  SH 
wheel d r i v e  coutlnand is converted t o  an aaa log  vo l t age  znd processed by til. ACE 
b?lael Dr ive  Ele troni ts ,  w i t h  a poijitLve w l t a g e  from t h e  D/A Conve ter 
commanding a posittve wheel to rque  and nega t ive  s p a a e c r a f t  torque. 
i n  
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The t h r e e  magnetic t o rque r  d r i v e  commends are processed i n  a similar manner ids 
shown i n  F igure  3.6-12. command 
is converted to  a n  ana log  vol tage .  During Computer Mode o p e r a t i o n  each ana log  
vo l t age  is processed by t h ?  ACE Megnetic Torquer  Drive E l e c t r o n i c s ,  w i th  a 
p o s i t i v e  vo l t age  front t h e  D / A  Conver te r  commanding R p o s i t i v e  magnetic d ipo le .  
The t h r e e  magnetic t o r q u e r  b i a s  commands are processed i n  a similar manner as 
s h o w  i n  F igu re  3.6-12. Each 7 b i t  p l u s  s i g n  Magnetic Torquer Bias  inpu t  is 
a v a i l a b l e  t o  t h e  Magnetic Torquer  Drive E l e c t r o n i c s  i n  t h e  Safehold Mode. The X 
ant1 Y Magnetic Torquer  Bias SM commands have B scale f a c t o r  of  0.451 ma/count 
(510 POLE-CM/count) f o r  t h e  XA, X , YA and Y rnragnetic t o rque r s .  The Z Magnetic 
Torquer  Bias SM Command has  a e c a f e  f a c t o r  OH 1.122 d c o r a n t  (527 POLE-CM/count) 
f o r  t h e  Z acd Z magnet ic  t o rque r s .  A p o s i t i v e  Magnetic Torquer Bias SM count  
will provide aB nega t ive  magnetic d i p o l e  to  b i a s  o u t  a p o s i t i v e  s p a c e c r a f t  
magnetic d i p o l e  and v i c e  versa .  The Magnetic Torquer Bias C o m n d s  may be 
en te red  i n t o  t h e  a p p r o p r i a t e  s t o r a g e  r e g i s t e r s  of t h e  powered ACE block dur ing  
t h e  Computer Mode ~YF Safehold  Mode bu t  they  are e f f e c t i v e  only  dur ing  Safehold.  
Cont ro l  of t h e  magnetic t o rque r s  m y  be exercfoed  by grouni  cownand dur ing  
Safehold v i a  Magnetic Torquer  Bise $14 c o r n ~ ~ n d s .  
The t h r e e  TAM b i a s  c o w n d s  are processed i n  a s i d l a r  nanner as shown i n  F igu re  
3.6-1. For  Safehold  Mode ope ra t ion ,  t h e  c o n t r i b u t i o n  of unwanreJ magnetic field 
is countered by TP&i s i g n a l  compen~a t ion  and TAM Bias cornwando. The EIACS ACE 
Safehold E l e c t r o n i c s  provides  feedback compensation, der ived  from t h e  magnr t i c  
to rque r  c u r r e n t  c i r c u i t s ,  t o  each of t h e  t h r e e  axes  s i g n a l s  rece ived  by t h e  ACE 
from each TAM. Thio compensates each TAB s i g n a l  t o  t h e  ACE f o r  t h a t  p o r t i o n  of 
i t s  sensed magnetfc  f i e l d  genera ted  by t h e  magnetic t o rque r s .  TAM b i a s e s  t o  
coun te r  s p a c e c r a f t  genera ted  magnetic f i e l d s ,  sensed by t h e  TAPIS, are a v a i l a b l e  
v i a  SM commands. Each 7 b i t  p l u s  s i g n  TAM Bias SM commands has  a scale f a c t o r  
of 1 count  per 3.125 m i l l i g a u s s  b i a s  r equ i r ed ,  with R maximum range  of +397 
mil l igauss .  Once t h e  TAM X ,  Y and Z components of t h e  sensed magnetic field-due 
t o  t h e  spacecraf t :  genera ted  f i e l d s  have been determined,  t he  TAM X ,  Y and Z Bias 
SM Commands f o r  Safehold can  be i d e n t i f i e d .  For  p o s i t i v e  magnetic f i e l d  
components a t  the  TAM locations genera ted  by the  s p a c e c r a f t ,  p o s i t i v e  count  
( s i g n  b i t  0) SPI TAM Bias commands are requi red  t o  b i a s  o u t  t h e i r  e f f e c t  and 
v i c e  versa .  X ,  Y and 2 axes TAM 1 o r  TAM 2 Bias commands may be en te red  into 
t h e  a p p r o p r i a t e  TAM Bias s t o r a g e  r e g i s t e r s  of t he  powered ACE block. S ince  each 
ACE block has s t o r a g e  r e g i s t e r s  f o r  a single TAM, t h e  Bias commands en te red  must 
correspond t o  the  TAH t o  be s e l e c t a d  f o r  Safehold opera t ion .  TP,M bjas  commrids 
may be enrered i n t o  the a p p r o p r i a t e  storage registers during opera t ion  i n  e f t h e r  
the Conpu te t  of Safehold  modes but  they  are e f f e c t i v e  only  di l r ing  Safehold. 
Each 7 b i t  p l u s  s i g n  SM magnet ic  t o r q u e r  d r i v e  
A 
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Figure 3.6-12. Magnetic Torquer Drive Sfgnal Processor 
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The fmic t ion  of t h e s e  two serial magnitude commands is t o  provide c o n t r o l  f o r  
t h e  s e l e c t i o n  of whesl d r i v e  i n p u t s ,  TAM s e l e c t i o n ,  t h r u s t e r  unload s e l e c t i o n ,  
t h r u s t e r  c o n t r o l  s e l e c t i o n ,  gyro rate s e l e c t i o n ,  p o s i t i o n  s e n s o r  s e l e c t i o n  and 
gyro r a t e  b i a s  s e l e c t i o n .  The f u n c t i o n a l  schematic f o r  t h e s e  commands is 
i l l u s t r a t e d  i n  F i g u r e  3.6-10, and is def ined  i n  Table 3.6-6. Opera t ion  of 
COMMAND WORD 2 is i d e n t i c a l  for both ACE k and B. 
The Device Mode S e l e c t ,  Ssfehold Gyro Rate S igna l  S e l e c t  and t h e  Safehold Posn 
S igna l  S e l e c t  a r e  processed by t h e  SM command receiver, decoded in accordance 
w i t h  t h e i r  a d d r e s s ,  and d i s t r i b v t e d  t o  t h e  proper  s t o r a g e  r e g i s t e r  and decoder 
t o  provide b i l e v e l  o u t p u t s  correspnding t o  t h e  b i t  p a t t e r n  of t h e  SM commnds. 
The b i l e v e l  c o n t r o l  3 t61tu~ logic a s s o c l e t e d  wl th  this b i t  pattern is given fLn 
Table 3.6-6. F ive  b i t s  of the 'Iievice tloda S e l e c t  biord, i nc lud ing  an  enable  b i t ,  
provide l o g i c  s i g n a l s  t o  ae1,c.t OAC o r  Psyload Sensor (PAYS! Enable s i g n a l s  t o  
c o n t r o l  t h e  r e a c t i o n  v h e e l s  i n  t h e  Computer Mode. These five b i t s  are 
i n i t i a l i z e d  as z e r o s ,  OF computer i i lput salect, e t  power t u r n  ON. Two bits of 
?-he Device Mode s e l e c t  word, i nc lud ing  an enable  b i t  provide l o g i c  s i g n a l s  t o  
s e l e c t  AM 1 o r  TAM 2 i n p u t s  t o  t h e  Safehold E l e c t r o n i c s  and t h r e e  b i t d ,  
i nc lud ing  a n  enab le  b i t ,  are employed t o  enab le  Safehold T h r u s t e r  Control  and/or  
Thrus t e r  Unload l o g i c  ou tpu t s  t o  t h e  Propuls ion Module. 
The f o u r  b i t  Safehold Gyro Rate S e l e c t  SM command provides  b i l e v e l  l o g i c  f o r  
switching of t h e  IRU 1 o r  I R U  2 8nalOg r a t e  s i g n a l s ,  on each axis, t o  t h e  
Safehold E l e c t r o n i c s .  The 12 b i t  Safehold P o s i t i o n  Sensor S e l e c t  SM cosmnd 
provides  b i l e v e l  l o g i c  f o r  switching C S S l  o r  CSS2 or ES o r  I R U  P o s i t i o n  inpu t  
s i g n a l s  t o  t h e  Safehold E l e c t r o n i c s .  I n  each case t h e  SM command enab le  h i t  
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Prov i s ion  has  been made i n  the  MACS Coaputer Mode ope ra t ion  to provide t h e  
appropr i a t e  gyro b i a s  c o r r e c t i o n s  v i a  t h e  MACS update  f i l t e r  as p a r t  of the  OFC 
computations. For  t h e  Safehold Mode ope ra t ion ,  wi thout  t h e  OBC, t h e  appropr i a t e  
b i a s e s  t o  counter  gyro I r i f t  a r e  en tered  i n t o  the  9CR ITP memozy v i a  &he IRU 
Gyro Bias SM commands. The i t u d e  and s i g n  of t hese  gyro d r i f t s  w i l l  de 
a v a i l a b l e  upon completion of I R U  In-Orbit c e l i b r a t i o n  o r ,  i n  l i e u  of t h a t ,  from 
t he  I R U  gyro  a c c e l e r a t i o n  i n s e n s i t i v e  d r i f t  performa.nc:e da t a .  The IRU Gyro F i a s  
SM commands are designed t o  improve t h e  Safeho3.d I n e r t i a l  Hold Mode performance 
f o r  S h u t t l e  Re t r i eva l .  The commands may be en te red  j n t o  the  MACS by ground 
command i n  p repa ra t ion  f o r  S h u t t l e  R e t r i e v a l .  It s h o ~ l d  be noted cha t  Ire I R U  
Gyro Bias SM commands can  be en te red  i n t o  t h e  ACE IrP memory any time a f t e r  t h e  
ACX block i s  powered, but  the  b i a s  count i s  i c i r ib i t ed  from being combined wi th  
the  I R U  POSN word un le s s  t he  L E  i s  opera t ing  i n  t h e  Safehold Mode. Fu r the r  t h e  
I R U  Rate  Bias i s  only  a p p l i c a b l e  t o  I R U  High Rate Range opera t ion .  
The range of each 7 b i t  p l u s  sigri I R U  Gyro Rate b i a s  J:ord, t h a t  can  be s to red  i n  
t h e  1°F' metxory, is equivalent :  t o  21.01.6 arc secx ids  (4.127 c o u n t )  when t h e  ZKL; io 
opera t ing  i n  t h e  HIGII  RATE RANGE. Consider ing t h a t  each ZbiU Gyro Rate b i a s  word 
i s  summed wi th  t h e  correspcnding 24 h i t  ZrtU POSN word i n  the XTP memory every 8 
seconds during SAFEHOLD, t h i s  y i e l d s  2 ra te  b i a s  range of 212.7 arc seccnds per 
second. This  provides  a scale f a c t o r  of 16 count  pe r  arc second pe r  second, an  
ample range over  t h e  maximum I R U  gyro a c c e l e r a t i o n  i n s e n s i t i v e  d r i f t  p e r f o m n c e  
of 7 .2  arc seconds per  second. An I R U  gyro axis t5fiat e x h i b i t s  a f d r i f t  i n  B 
p o s i t i v e  d i r e c t i o n  c o n t r i b u t e s  nega t ive  counts  to  t h e  cor responi ing ,  I&' POSN 
word. An XRU Gyro Rate Bias SM command having t h e  appropr i a t e  p o e i t i v e  count 
( s i g n  b i t  = 0)  i s  requi red  t o  b i a s  o u t  t h e  e f f e c t  of t h e  p o s i t i v e  
S i m i l a r l y  an  XRU Gyro Bias  SM command heving t h e  appropr i a t e  nega t ive  count 
( s i g n  L + t  - 1) i s  requ i r ed  t o  b i a s  ou t  t h e  e f f e c t  of nega t ive  gyro drif:. The 
I R U  gyro b i a s  SFI commands are presented  i n  the  3ne-s complement r'ormat. 
3.6.1.20 ESA Power Control 
gyro d r l f t .  
-- 
ESA 1 POWER ON 
ESA 1 POWER OFF 
ESA 2 FOWER ON 
ESA 2 POWER OFF 
The func t i cn  of these  f o u r  d i s c r e t e  corcmands is t o  cor.tro: :he 4-28 ilDC D o w e r  tc 
ESA 1 and 2 .  The f u n r t i o n a l  schemetic  for  t h e s e  commands is f l l u s t r a t e d  i n  
F3gure 3.6-13. The ope ra t ion ,  fu i ic t iona l  schematic ,  cornplcmelit and te lemet ry  
- ~ e r i f i c a t i o n  of t hese  commands is i d e n t i c a l  f o r  bo th  ESA 1 and 2 .  
ESA 1/2 POWER ON command enab le s  a pu l se  t o  one s i d e  of a l a t c h i n g  r e l a y ,  
c los ing  i t ,  enabl ing  +28 VDC power t o  t h e  ESA 1 / 2  power supply. The complement 
of t h e  P O K K  ON cclmmand is t he  7SA 1 / 2  POWER OFF command. ESA I/= POKER OFF 
command enables  a pu l se  t o  t h e  t 2 p o s i t e  c o i l  of t h e  l a t c h i n g  r e l d y ,  causing :he 
r e l a y  t o  open, removing t h e  +28 VDC frsm t h e  power supply.  
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3.6-2 C O W J D  SEQUENCES 
This  s e c t i o n  lists t h e  command sequences a s s o c i a t e d  w i t h  t h e  o p e r a t i o n  of t h e  
MACS and ESW. The conmand sequences are included i n  t h e  fol lowing t a b l e s :  
Table 3.6-7 A-Side I n i t i a l i z a t i o n  Sequence 
Table  3 -6-8 A-Side R e g i s t e r  I n i t i a l i z a t i o n  
Table 3.6-9 A-Side Component TurrrOn and S e l e c t i o n  
f a b l e  3.6-10 B-Side I n i t i a l i z a t i o n  Sequence 
Table 3.6-11 B-Side R e g i s t e r  I n i t i a l i z a t i o n  
Table  3.6-12 B-Side Component Turn-On and S e l e c t i o n  
3.6.3 COMMkldD RESTRAINTS 
This  s e c t i o n  lists t h e  command r e s t r a i n t s  a s s o c i a t e d  w i t h  t h e  o p e r a t i o n  of t h e  
MACS and ESAM. The fo l lowing  r e s t r a i n t s  apply: 
B It is a recommended o p e r a t i n g  procedure t h a t  a 60 second d e l a y  be 
i n s e r t e d  between ZRU Channel A ,  B and C power t u r n  on. 
e A f t e r  swi tch ing  power a n  t o  an ACE, c l l  ACE serial magnitude cop;rsand 
r e g i s t e r s  must be i n i t i a l i z e d  by i s s u i n g  the followirig comiunds: 
Zero '%heel Drives 
Zero Magnetic Torquer Drives  I 
Zero Magnetic Torque Bias 
Zero TAM Bias 
Zero I W  Bias 
3.6.4 FUNCTXONAL SCHEMATICS 
This  s e c t i o n  provides  f u n c t i o n a l  s c h e a a t i c s  of t h e  command c i r c u i t s  referenced 
i n  t h e  proceeding paragraphs.  The schematics have been s i m p l i f i e d  and are 
provided as an  a i d  t o  understanding t h e  connand i n t e r f  aces. 
LSD-WC-263 
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Tab le  3.6-7. A - S i d e  I n i t i a l i z a t i o n  Sequence 
I 
Command 
Type D e s c r i p t i o n  































R I U  A ON STANDBY 
R I U  A ON/B OFF 
ACE A PWR ON/B OFF 
CSM A INHIBIT 
CSM B INXIBIT 
ACE A SAFEHOLD OFF 
ACE B SAFEHOLD OFF 
IRU CH A PWR OFF 
IRU CH B Ph'R OFF 
IRU CIi C PWR OFF 
FRST 1 AND 2 Pk% OFF 
TAM 1 k!D 2 PWR OFF 
ROLL SRW PkR OFF 
P I T m  SEW PUR OFF 
YAW SRW PWR OFF 
SKEW SRW PWR OFF 
FSS PWR OFF 
=ST 1 AND 2 HTRS GFF 
MACS HTR GROUP 1 OFF 
MACS HTR GROUP 2 OFF 
MACS HTR GROUP 3 OFF 
ACE A MAG TORQUER OFF 
ACE B MAG TORQUER OFF 
RIUA O N  STANDBY 
R I U  A O N / B  OFF 
E S A  1 HTR/LOGIC DISABLE 
E S A  2 HTR/LOGIC DISABLE 
ESA 1 PWR OFF 






























R I U 2 A  
RIUZA 
R I U 2 A  
RIUZA 
R I U 2 A  
R I U 2 A  
RIUZA 
RIUZA 
R I U 2 A  
R I U 2 A  





R I U 2 A  
R I U 2 A  
R I U 2 A  
R I U 2 A  
RIUZA 
R I U 2 A  
RIUZA 
R I U l A  
RIU4A 
R I U 4 A  
RIU4A 
R I M A  
R I U 4 A  
R I  U4 A 
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ACE A ROLL SRW ZERO VOLTS 
ACE A P I T C H  SRW ZERO VOLTS 
ACE A YAW SRW ZERO VOLTS 
ACE A SKEW SRW ZERO VOLTS 
ACE A ROLL TAM BIAS ZEKO VOLTS 
ACE A PPTCH TAM BIAS ZERO VOLTS 
ACE A YAW TAM B I A S  ZERO VOLTS 
ACE A ROLL TORQUE DRIVE ZERO VOLTS 
ACE A P I T C H  TORQUE DRIVE ZERO VOLTS 
ACE A YAW TOZQUE D K X V E  ZEEO voLrs 
ACE A riou TORQUE BIAS ZERO VOLTS 
ACE A PITCiI TORQUZ BIAS ZERO VOLTS 
ACE A ROLL 1 IKJ BIAS 2ERO 
ACE A PLTCN 1 lRir Id’lAS ZERO 
ACE A YAW 1 IRU BIAS ZERO 
ACE A ROLL 2 IRU BIAS ZERO 
ACE A P I T C H  2 IRU BIAS ZEKO 
ACE A YAW 2 IRU BIAS ZERO 
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E S A  1 PWR ON 
E S A  2 PWR ON 
ESA 1 LOGIC ENABLE 
ESA 2 LOGIC ENABLE 
I R U  CH A PWR ON 
I R U  CH B PWR ON 
IRU CM C PWR ON 
FHSY 1 PUR ON 
FHST 2 PWR ON 
FHST 1 INITIALIZE CMD 1 
F N S T  1 I N I T I A L I Z E  CMD 2 













R I U 4 A  
R f U 4 A  
R I U 4 A  
R I U 4 A  
RSUZA 
RXU2A 






TAM 1 P L 9  ON 17 
TAM 2 PWR ON 18 
FSS PWR ON 09 
SAFEHOLD DEVICE MODE SEI., 
SAFEHOLD GYRO RATE SEL 
SAFEHOLD POSITION SENSOR SEL 
A5 WQUIRED 
AS REQUIRED 
A S  XEQUIRED 
RIUZA 
R I  U2 A 
R I U 2 A  
RIU2A 
R I U 2 A  
RIUZI, 
LSD-~WPC-2 6 3  
3-90 
* I  t 
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, .  
. .  . 
Coram nd OctalIDiscrete 































R I U  B ON STPJDBY 
RIU B ON/OFF A 
ACE B PWR ON/OFF A 
CSM A I N H I B I T  
CSM B I N H I B I T  
ACE A SAFEHOLD OFF 
ACE B SAFEHOLD OFF 
I R U  CH A PWR OFF 
I R U  CH B PtR OF9 
I R U  (Xi C PVR OFF 
FHST 1 AND 2 YldR OFF 
TkY 1 AND 2 PWR OFF 
ROLL SRU FUR OFF 
P I T C H  SRW PWK C,. 
YAW SRW PWR OFF 
SKEW SRW PWR OFF 
FSS PWR OFF 
FHST 1 .4ND 2 HTRS OFF 
MACS HTR GROUP 1 OFF 
MACS HTR GROUP 2 OFF 
MACS HTR GROUP 3 OFF 
ACE A HAC TORQLlER OFF 
ACE B FAG TDRQUER OFF 
R I U  B ON STANDBY 
R I U  B ON/OFF A 
E S A  1 H T R / L W I C  DISABLE 
ESA 2 HTR/LGGIC DISABLE 
ESA 1 PWR OFF 





























3 4  
RXU2B 
R I U 2 B  
R I U 2 E  
R I U 2 B  
RIUZB 
R I U 2  B 
R I U 2 B  
R I U 2  B 
RIU2Ei 
RZUZ a 
RI u2 31 
MIU2 B 
CIU2B 
RT u2 B 
R I U 2 B  
RIUZB 
R I U 2 B  
RIUZB 
R I U 2 B  
R I U 2 B  
R I U 2  B 
R I U 2 B  
R I U 2 B  
R I U 4  B 
R f U 4 B  
R I U 4  B 
RTU4B 
R I U L B  
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Table 3.6-11. &Side R e g i s t e r  I n i t l a l i z n t i o n  
Command 
Type D e s c r i p t i o n  
> 
O c t a l  




















ACE B ROLL SRW ZERO VOLTS 
ACE B PITCH SRW ZERO VOLTS 
ACE B YAW SRW ZERO VOLTS 
ACE B SKEW SRW ZZKO VOLTS 
ACE B ROLL TAM B I A S  ZERO VOLTS 
ACE B P I T C H  TAM B I A S  ZERO VOLTS 
ACE B YAW TAM B I A S  ZERO VOLTS 
ACE B ROLL TORQUE DRIVE ZERO VOLTS 
ACE B P I T C H  TORQUE DRIVE ZERO VOLTS 
ACE B ROLL TORQUE B I A S  ZERO VOLTS 
ACE B P I T C H  TORQUE B I A S  ZERO VO1,TFS 
ACE B YAW TORQUE BXAS ZERO VOLTS 
ACE B ROLL 1 IRU BIAS ZERO 
ACE B P I T C H  1 I R U  B I A S  ZERO 
ACE B YAW 1 I R U  B I A S  ZERO 
ACE B ROLL 2 IRU B I A S  ZERO 
ACE B P I T C H  2 I R U  B I A S  ZERO 
ACE B YAW 2 I W  B I A S  ZERO 

























TY P e  D e s c r i p t i o n  





















E S A  1 PUR ON 
ESA 2 PWR ON 
ESA I LOGIC ENABLE 
ESA 2 LDGIC ENABLE 
I R U  CH A PWR ON 
IRU CH B PWR ON 
I R U  CH C PWR ON 
FHST 1 PWR ON 
FHST 2 PblR ON 
FHST 1 INITIALtLIZE CKI) 1 
FHST I INITIALIZE CMD 2 
FHST 2 INITLALL7X CHD 1 
FHST 2 I N I T I A L I Z E  CLXD 2 
TAM A PWR O N  
TAM 2 PWR O N  
FSS PWR ON 
SAFEHOLD DEVICE MODE S E L  
SAFEHOLD GYRO RATE S E L  

















A S  REQUIRED 
A S  'REQUIRED 
A S  REQUIRED 
R I U 4  B 
R I M  B 
R I U 4 B  
R I U 4 B  
R I U 2  B 
R I U 2 B  











R I U 2 B  
RIUZB 




Opera t ion  of t h e  Modular A t t i t u d e  Con t ro l  Subsystem is a m i t o r e d  us ing  101 
t e l eme t ry  channels  of which 66 are a c t i v e  ana log ,  16  are ( p a s s i v e )  
ana log ,  four are b i - l eve l  d i g i t a l ,  and 15 are serial d i g i t a l .  
condi t ioned 
The t e l e n e t r y  p o i n t s  a r e  listed i n  Tattle 3.72. and desc r ibed  i n  Paragraphs 
3.7.1.1 t1:rough 3.".2.U; t e l eme t ry  1i.zi.ts are shoi-m i n  Ttible 3-7-2. Parii- 
p a n h  3 a 7 a 3  d e s c r i b e s  t h e  t e l eme t ry  f o r  t h e  E a r t h  Sensor A s s a b l y  Lodule 
(ESid,!', Func t iona l  Schemntics f o r  the t e l e m e t w  d e r i v a t i o n  c i r c u i t s  are 
grouped i n  Paragraph 3.7.4. (NO'lE: t h e  s c h e n a t i c s  are s b p l i f i e d  v e r s i o n s  
o f  t h e  actual.  c i r c u i t s  and a r e  provided onLy as a n  a i d  in urrderstanding t h e  
t e l e m e t r y  i n t e r f a c e .  
For informat ion  r ega rd ing  c a l i b r a t i o n  curve? fop t h e  telemeteren functioi;s, 
see a p p e n d h  k.3,  
3.7 -1 A!!ALOG TELEMETRY 1.4DNITORS 
The Modular A t t i t u d e  Cont ro l  Subsystem u t i l i z c r j  82 analog te lemetry monitors,  
i nc lud ing  66 a c t i v e  and 16 pass ive  analog t e l eme t ry  po in t s .  These p o i n t s  a r e  
l i s t e d  by u m r  I D  i n  Tables 3.7-1 and 3.7-2 for t e l eme t ry  matr ix  l o c a t i o n  and 
ope ra t ing  limits r e s p e c t i v e l y .  The fol lowing paragraphs d e s c r i b e  t h e s e  te lemetry 
monitors. 
3.7.1.1 Stendard Reaction Wheel Temperature Monitors 
Rolf SRW Temp (MACS-20) 
P i t c h  SRW Temp (MACS-21) 
Yaw SRW Temp (MACS-22) 
Skew SRW Temp (MACS-23) 
These te lemetry p o i n t s  manfto: t he  temperature  of t h e  four SRW's a s  measured by 
pass ive  temperature probes i n d i c a t i n g  spin bearing temperature.  I d e n t i c a l  
c i r c u i t s  are used t o  m o n i t o r  a l l  SRW temperatures ,  with a t y p i c a l  c i r c u i t  
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3.7.1.2 Op t i ca l  Eench Temperature n o n i t o r s  
O p t i c a l  Bench T a p  (PHS’) (MCS-24)  
(MAGS-3 5 )  O p t i c a l  Bench Temp (IUU) 
Thesa t e l eme t ry  p o i n t s  monitor  o p t i c a l  bench teinperature as measured by 
t e q e r a t u r e  probes l d i c a t i n g  ternperatures near t h e  F’HST and I R U  basepla tes .  
Id;ntictl l  c i r c u i t s  are used to m o d t o r  each tempera ture ,  w i th  a t y p i c a l  
l l l u e t r & t e d  in Figure  3.7-1. 
3.7 .G, Telemetry Response Functions. 
pa8SfVe 
c i r c u i t  
3.7.1.3 Power Switching Unit Temperature Monitor 
PSU Temp (MACS-25) 
This  t e l eme t ry  point monitors PSU temperature  as measured by a pass ive  
. temperature  probe l o c a t e d  t n t e r a a l  t o  t h e  PSU aslserably. Ffgure  3.7-1 
i?.lustrstes t h e  c i r c u i t  used to d e r i v e  t h i s  temperature  signal. 
i Functions. 
3.7.1.4 Fine Sun Sensor Tewperature Fmnitor 
FSS Temp ( K’XS-2 6) 
Th i s  te lemet ry  po in t  monitors  FSS t m p e r a t u r e  as measured by a p 6 s i v e  
teroperature probe loca ted  wi th in  t h e  e l e c t r o n i c s  package. F igu re  3.7-1 
r l l u s t r a t e s  t h e  c f r c u i t  used t o  d e r i v e  t h i s  tempera ture  s fgna l .  
3.7.1.5 Remote I n t e i r a c e  Temperature Noqftok 
(HACS-2 7 ) RIU 02 Temp 
This t e l eme t ry  point  monitors  R I U  9 2  temperature as aeaeured bp a passive 
temperature  probe ioca ted  wi th in  t h e  RIU. Ffgure 3.7-1 i l l u s t r a t e s  t h e  c i r c u i t  
used to d e r i v e  this t empera ture  s f g n a l .  
L S I?- W C- 2 6 3 
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3.7.1.6 ACE Power Condi t ioner  Teape ra tme  Monftor 
ACE A Power cond i t ione r  Temp 
ACE B Power Condi t ioner  Temp 
(MACS-28) 
(MACS-29) 
These t e l eme t ry  p o i n t s  monitor  t h e  temperature  of ACE A/B p o w e r  cond i t ione r s  
measzred by pass ive  temperature  probes i n d i c a t i n g  DC-DC conve r t e r  tennperature. 
I d e n t i c a l  c i r c u i t s  are used t o  monitor each power c o n d i t i o n e r  temperature ,  
a +.ypfcaS c i r c u i t  i l l u s t r a t e d  i n  F igure  3.7-2. 
as 
wi th  
3.7.1.7 SRK Drive  E l e c t r o n i c s  Temperature Monftor 
SRM Drive E l e c t r o n i c s  Temp ( MACS-30) 
This t e l eme t ry  p o i n t  monitors'  wheel d r i v e  electronics te!mperature as neasured by 
a pass ive  temperature  probe loca ted  wi th in  t h e  d r i v e  e l ec t ro rdcs .  F igu re  3.7-1 
I l l u s t r a t e s  t h e  c i r c u i t  uEed t o  d e r i v e  t h i s  tempera ture  signal. 
3.7.1.8 Magnetic Torquer DrLve Electronics Temperatwce Manitor 
Torq Drive E 1.ect ton ic s  Temp (PIACS-3 1) 
Thi s  te lemet ry  poin t  monitors  magnetic t o rque r  dr5ve e l e c t r o n i c s  temperature  as 
measured by a pass ive  t e s p e r a t u r e  probe l oca t ed  i n  t h e  v i c i n i t y  of t h e  d r i v e  
e l e c t r o n i c s .  F igure  3.7-1 i l l n s t r a t e s  t h e  c i r c u i t  used t o  d e r i v e  t h i s  
temperature  s i g n a l .  
3.7.1.9 E Tcmperature Monitors 
IRU Chamel  A Temp (MACS-32) 
IRU Chamel B Tmp (WiCS-33) 
IRU Channel C Temp (M-4cs-34) 
These t e l e a e t r y  p o i n t s  n o n i t o r  IRU t enpz ra tuee  as measured by pass ive  
t e a p e r a t u r e  probes i n d i c a t i n g  ind iv idua l  gyro cenperature. KdenCfeal C i n x i t E  
are  ufit.6 t o  monitor each gyro temperature ,  with R typ5-caP circu3t I l l u s t r a t e d  i n  





3.7.1,10 Star Tracker Temperature Honitors 
_y 
FHST 1 Temp (MACS-36) 
FBST 2 Temp (NACS-3 7)  
Thesc telemetry points  monitor the temperature? of each FHST ao nreasured by 
ac t ive  temperature probes indicat ing  ator  tracker temperature. Ident ica l  
cirmlts are used t o  monitor the temperature of each FRST, with a typ ica l  
c i r c u f t  i l l u s t r a t e d  i n  F i  ure 3.7-2. The a c t i v e  temperature telemetry i s  lfnear 




L SD-WPC-26 3 
3.7.1,11 IRU Regulated Voltage Monitors -
I R U  Channel A Reg Voltage (MAGS-38) 
I R U  Channel B Reg Voltage (MACS-39) 
I R U  Channel C Reg Voltage (PIACS-40)  
Them te lemet ry  p o i n t s  serve t o  monitor  t he  r egu la t ed  vo l t age  supplies f r o a  each 
IRU 
The nominal ou tput  is 2.0 44.1 VDC. I d e n t i c a l  c i r c u i t s  are used t o  monitor all 
channels ,  w i t h  a typictal-ci rcui t  i l l u s t r a t e d  i n  F igu re  3.7-3. 




3 -7. L e  I2 XRiJ Motor Current Honitors 
IRU Channel A Motor Current 
IRiJ Channel 13 Motor Current 
IRU Channel C Hotor Current 
(MACS-4 1 ) 
(MACS-42) 
(MACS-43) 
These telemetry points  monitor gyro spin motor current i n  each of the three I W  
ehanz~cls. Nominal motor current f o r  each gyro i s  45 :.i-].5 ma. Ident ica l  c i r c u i t s  
are used to monitor motor current i n  each channel, with a typ ica l  c i r c u i t  




3.7.1.13 Star Tracker  Star I n t e n s i t y  Monitors --
I 
FXST 1 S t a r  I n t e n s i t y  (MACS-44) 
FEET 2 S t a r  I n t e n s i t y  (MACS-45) 
These t e l eme t ry  p o i n t s  monitor t h e  i n t e n s i t y  of t h e  s t a r  c u r r e n t l y  being 
t racked,  as measured i n  terms of v i s u a l  magnitude. Iden tPca l  c i rcu i t s  are used 
I n  each t r a c k e r  t o  d e r i v e  star i n t e n s i t y .  A t y p i c a l  d e r i v a t i o n  c i r c u i t  i s  
i l l u s t r a t e d  i n  F igu re  3.7-2. 
3 .7.1.14 P o s i t i o n  E r r o r  Monitors 
SVS-10266 
31 December 1981 
i 
CSS 1 P i t c h  P o s i t i o n  Error (MACS-46) 
CSS 1 Yaw P o s i t i o n  E r r o r  (MACS-47 ) 
CSS 2 P i t c h  P o s i t i o n  E r r o r  (MACS-48) 
CSS 2 ‘Paw P o s i t i o n  E r r o r  (M@S-L9)  
These t e l eme t ry  po in t s  monttor t h e  twa axes p o s i t i o n  s lgna l s  P r m  each C S S ,  
after being conditioned and buffered i n  the ACE. Each CSS axis signal tias a 
l i n e a r  range of t3-5 degrees.  Thus the  analog t e l eme t ry  s i g n a l  is  i n  s a t u r a t i o n  
f o r  sun a n g l e s  g r e a t e r  t han  25.6 deg rees  from t h e  CSS n u l l  axis. I n  t h e  
s a t u r a t e d  r eg ion  t h e  proper  sense is i n d i c a t e d  with 0.0 VDC output  f o r  nega t ive  
s p a c e c r a f t  r o t a t i o n s  and 5.12 VDC output  f o r  p o s i t i v e  r o t a t i o n s .  I d e n t i c a l  
c i r c u i t s  a r e  used t o  d e r i v e  each te lemetry p o i n t ,  w i t h  a t y p i c a l  c i r c u i t  
i l l u s t r a t e d  i n  F igu re  3.7-5. 
x 
3-1 17 ISD-WPC-263 
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3.7.1.15 TAM E r r o r  S igna l  Monitors -- 
TAM 1 Rol l  E r r o r  S igna l  
TAM 1 P i t c h  E r r o r  S i g n a l  
TAM 1 Yaw E r r o r  S igna l  





TAM 2 R o l l  E r r o r  S i g n a l  
TAM 2 Yaw E r r o r  S igna l  
(MACS-53) 
(MACS-55) 
These p o i n t s  monitor t h e  sensed magnetic f i ,  e l d  in each of t h r e e  axes  
with independent s i g n a l s  being generated by TAM 1 and TAM 2.  Telemetry ou tpu t s  
of 0 t o  5 VDC a r e  der ived from sensed u a g n e t i c  f i e l d s  i n  t h e  range t1000 
mil l igauss .  a 
t y p i c a l  c i r c u i t  i l l u s t r a t e d  i n  Figure 3.7-6. 
t e l eme t ry  




31 necedxr 1981 
3.7.1.16 Hagnetic Torquer Drive Monitors 
Roll MAG Torq Drive A 
R o l l  MAG Torq Drive B 
P i t c h  MAG Torq Drive A 
P i t c h  MAG Torq Drive B 
Yaw MAG Torq Drive A 







These te lemetry p o i n t s  monitor t h e  c u r r e n t  being used t o  d r i v e  the magnetic 
t o r a u e r s ,  a f t e r  being condi t ioned and bu f fe red  by t h e  ACE. Simi la r  c i r c u i t s  are 
used t o  monitor each a x i s  with a t y p i c a l  de r iva t ion ,  c i r c u i t  i l l u s t r a t e d  i n  
Figure 3.3-7. Each r o l l / p i t c h  magnetic t o rque r  d r i v e  c u r r e n t  provided by t h e  
ACE has z l i n e a r  range of 557.8 m a ,  corresponding t o  a magnetic d i p o l e  range of 
- +65,300 pole-cm. Each yaw magnetic t o rque r  d r i v e  c u r r e n t  produced by t h e  ACE 
has 8 l i n e a r  range of 2143.5 ma, corresponding t o  a magnetic d i p o l e  K i m @ ?  of 





31 DeceElber 1981 
3.7.1.17 IRU Rate Noci toro 
XRU Rol l  Rate 1 (WCS-62 ) 
IRU P i t c h  Rete 1 (MACS-63) 
IRU Yaw Rate I (UCS-64) 
IRU Ro l l  Rate 2 (MACS-65) 
IRU P i t c h  Rate 2 (MACS-66) 
I X U  Yaw Rate 2 (MkCS-67) 
These te lemet ry  p o i n t s  monitor  t h e  t h r e e  axes  r a t e  signals 1 and 2 from t h e  I R U ,  
a f t e r  being condi t ioned  and bufPered i n  t h e  ACE. Each I R U  analog te lemet ry  rate 
s i g n a l  is l i n e a r  over  t h e  range 21.0 deg l sec ,  remains s a t u r a t e d  a t  0 VDC over 
t h e  range -2.0 t o  -1.0 dsg l sec ,  and remains s a t u r a t e d  a t  5.L VDC from 1.0 t o  2.0 
deglsec.  
I d e n t i c a l  c i r c u i t s  are use’ t o  monitor each axis wi th  a typi&l  d e r i v a t i o n  
c i r c u i t  il1us:rated i n  F igure  3.7-8. 
No u s e f u l  te lemet ry  is a v a i l a b l e  f o r  rate3 g r e a t e r  than +2.0 deglsec. 
LSD-WC-263 
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3 e 7  .I -18 SRW Drive Control Voltage Mmitors -- 
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31 Deccmber 1982 
Roll SRW Drive Control (MACS-68) 
Pitch SRW Iirive Control (MACS-69) 
Yaw SRW Drive Control (MAGS-70) 
Skew SRW Drive Control (MACS-71) 
These telemetry points  monitor SRW drive control voltage f o r  each ACE wheel 
drive e l ec tron ics  channel, with a l inear  range from 0 t o  10.2 W C .  Identical  
c i r c u i t s  are  used t o  derive each telemetry point ,  with a typtcal  c i r c u i t  
i l l u s t r a t e d  In Figure 3.7-9. 
LSD-hY C-2 6 3 
3-3-23- 
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R o l l  SRW Motor V o l t s  ( MACS-72) 
P i t c h  SRW Motor V o l t s  (WCS-73) 
Yaw SR% Motor Vo l t s  (MACS-74) 
Skew SRW Motor Volts (MACS-75) 
Xhe6e t e l eme t ry  p o i n t s  monitor  SRW motor vo l t age  f o r  each hCE wheel d r i v e  
e l e c t r o n i c s  channel ,  w i t h  a l i n e a r  range Pr:)m 0 t o  25.5 MC. I d e n t i c a l  c i r c u i t s  
are used t o  d e r i v e  each t e l eme t ry  poinr ,  w i t h  a t y p i c a l  c i r c u i t  i i r u s t r a t e d  in 
Figure 3.7-9. 
3.7.1.20 SRW Wheel Speed Monitors 
R o l l  SRW TACH A 
P i t c h  SRN TACH A 
Yaw SRFl TACB A 
Skew SRW TACB A 
Rolf 9ZM TACH B 
P i t c h  Slzw TAP& B 
Yaw SiW ThCH B 









These te lemetry p o i n t s  monitor SRW TACH ou tpu t  a f t e r  being condi t ioned and 
bu f fe red  i n  t h e  ACE. TACH ou tpu t  is l i n e a r  over t h e  range 42400 rpm and is 




I . . ..-. , r * .. .. ... . . 
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3.7.1.21 ACE 4-5 1 Regulated Voltage Manitor 
ACE A/B +5 V REG Voltage 
This telemetry point monitors the ACE A/B +5 V regulated valtage and is  
a s  shown in Figure 3.7-11. 
and the telemetered s ignal  is as  follows: 
(MACS-84) 
derived 
The relat ionship between the  +5 V regvdated voltage 
%SV TLM = %-5 REG I2 




31 December 1981 
3.7.1,22 e +I5 V Regulated Voltage Honitor 
ACE A/B +15 V REG Voltage (MACS-85) 
This te1emet:y point monitors the ACE A/B +15 V regulated voltage and i s  derfved 
as shown i n  Flgure 3.7-12. The re lat ionship  between t h e  +15 V regulated voltage 
and t h e  telemetered signal i s  a s  follows: 
TLM '4-15 REG I 6  




3.7.1.23 ACE -15 V Regulafed Voltage Monitor 
ACE A/B -15 V REG Voltage (MACS-86) 
This telemetry point monitors the ACE A/B -15 V regulated voltage n& f 
V regulated voltage Ln accordance with the following relat ionship:  
. as shorn i n  Figure 3.7-12. The telemetered s i g n a l  is a l s o  dependeat FK~ +15 
v -15 TLM = 2e625 4-15 REG + '-15 REG 
9.662 
The norninal value of the -15 V regulated voltage €8 -15 41-5 T X ,  - 
3.7.1.24 ACE +28 V Regulated Voltage Monitor --- 
ACE A/B +28 V ]REG Voltage (MACS-87 1 
This telemetry point nonitors the ACE .%/E +ZS V regulated volta&ir and ir, +..rived 
as shorn in Figure 3.7-13. The relat ionship between ete  4-28 V rcgala:.P, ;.oltage 
and the telemetered signal i s  os follows: 
'+28 TLM 'C28 REG /Ip 
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3.7.1.25 ACE -18 V Regulated Voltage Monitors --- 
ACE A -18 V REG Voltage 
ACE B -18 V REG Voltage 
(MCS-88) 
(WACS-89) 
These telemetry points  monLEor the ACE A/B -18 V regzlated voltage and is 
derived as 3hom i n  Figure 3.7-14. on 
the 4-15 V regulated voltage in accordance wi th  the following relat ionship:  
The t e l emtered  rslgnal is also dependent 
+ '-18 REG = 3.2425 x V-15 REG 
L2.5 '-18 TI.! 
The nominal value of the -18 V regulated voltage is -18 91.8 VDC. - 
3-126 
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3.7 .L.26 ACE Compensated TAM Sig:n&l MoriitorPi -
ACE A TAH R o l l  Compensated S i g n a l  
ACE A TAM Yaw Compensated S i g n a l  
ACE B TAM R o l l  Compensated S i g n a l  





ACE A TAM P i t c h  Conpensated S i g n a l  (MACS-91) 
ACE B TAM P i t c h  Compensated S i g n a l  (PCACS-94) 
These t e l e m e t r y  p o i n t s  moni tor  t h e  compensated T:J4 s i g n a l s  used by t h e  ACE, and 
i n c l u d e s  compensation f o r  magnetic t o r q u e r  f i e l d  couping t o g e t h e r  w i t h  ehe 
a d d i t i o n  of any TAM b i a s  s i g n a l s .  I d e n t i c a l  c i r c u i t s  are used t o  d e r i v e  each  
mon i to r ,  w i t h  a t y p i c a l  c i r c u i t  i l l u s t r a t e d  i n  F i g u r e  3.7-15. The compensated 





" I  
3.7.1.27 ACE I R U  P o s i t i o n  Monitors 
I_I_ 
ACE A I R U  Ro l l  P o s i t i o n  
ACE A I R U  PLtch P o s i t i o n  
(MACS-96) 
(MACS-97) 
ACE A IRU Yaw P o s i t i o n  (mcs-98 ) 
ACE B IRU Rol l  P o s i t i o n  (MACS-99) 
ACE B XRU Yaw P o s f t t o n  (MACS-10 1) 
ACE B TRU P i t c h  P o s i t i o n  (MACS-150) 
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These te lemet ry  points monitor  t h e  t h r e e  axes gyro position s i g n a l s  a f t e r  being 
condi t ioned  and bu f fe red  in t h e  ACE. Each ana log  te lemet ry  p o s i t i o n  signal is 
l i n e a r  ove r  t h e  range 558.25 degrees  and is der ived  nu shorn i n  F igu re  3.7-15. 
3 - 7  *2  DIGITAL TELEMETRY MONITORS 
The Modular A t t i t u d e  Control. Subsystem ?r t i l i zcr ;  19 d i g i t z l  telemetry monitcm, 
inc luding  4 b f l e v e l  d i g i t a l  and ZS serial digital telene~ry poin ts .  These 
po in t s  are l i s t e d  by u 6 e ~  I D  i n  Table 3.7-1 and are descrdbed i n  the fo l lowing  
paragraphs - 
3.7.2.1 FSS 32-Bit Data (MACS-01) 
This  t e l eme t ry  func t ion  c o n s i s t s  of s i n g l e  32-bi t  words t e l e n z t e r e d  i n  f o u r  
8-b i t  by tes  as MACS-01. Included i n  t h e  32-bit FSS d a t a  are two 14-bi t  a n g d a r  
d a t a  words, sun presence s t a t u s  and FSS power s t a t u s  as def ined  i n  F igure  
3.7-16, with: 




17-3 0 DSSONTX 
3 1-32 I FS SPUR 
FSS Angular Data Y - & h  
FSS sun presence 
Unused b i t  
FSS Angular Data K - U s  
FSS Power S t a t u s  
3-128 LSD-WPC-263 
SVS-10266 
31 December 1981 
The FSS main ta ins  c u r r e n t  serial data i n  i ts  output  sh i f t -  reginter w i t h  a 
maximum t i m e  i n t e r v a l  between updating of 16 mil l iseconds.  Data word ugdet lng 
is inhib?.ted dur ing  drlta reads u n t i l  f o u r  serial d a t a  enables  have been 
received.  that 
causes  t h e  f irst  b y t e  ( b i t s  1-8) of t h e  FSS serial te lemet ry  word t o  be 
t r a n s f e r r e d  t o  t h e  R I U  dur ing  t h e  next  FSS serial  d a t a  enable received from t h e  
RIU. FSS ser ia l  te lemet ry  output  c i r c u i t  f u n c t i o n a l  block diagram is shown 
i n  F i g u r e  3.7-17. 
The Major Frame R a t e  s i g n a l  is used as an i n i t i a l i z a t i o n  s i g n a l  
The 
The FSS Y a x i s  sun a n g l e  d a t a  word is a l l  z e r o s  f o r  a +32 Efegree r o t a t i o n  about  
t h e  FSS Y a x i s  and t h e  FSS X axis sun angle  s h a l l  be a l l  zeros  f o r  a -32 degree 
r o t a t i o n  about t h e  FSS X axis. The coding fr.nnat of FSS serial te lemet ry  word 
angle  d a t a  b i t s  is i n  Unsigned I n t e g e r  Binary f o m t  as i n d i c a t e d  i n  F igure  
3.7-18. 
I 
c 3- 129 
LSD-WC-263 
3.7.2.2 IRU 144-Bit Dsta -
ACE A 144 B i t  I R U  Data (MACS-02) 
ACE B 144 B i t  IRU Data (MAGS-10) 
I 
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These te lemet ry  func t ions  c o n s i s t  of a s i n g l e  144-bi t  I R U  d a t a  word te lemetered  
i n  18 8-bi t  by tes .  The 144-bit IRU d a t a  is compriwd of  s ix  24-bit p o s i t i o n  
words, i.e., channel  1 and 2 r o l l ,  p i t c h  and yaw s i g n a l s ,  as shown i n  F igure  
3.7-19. The I R U  p o s i t i o n  word can be processed to  t h e  te lemet ry  downlink v ia  t h e  
C&DH RIU i n  t he  Computer Mode. I n  &he I R U  Low Rate Mode t h e  I R U  Posn Word LSB 
i s  equa l  t o  0.05 arc seconds and the  word range is 5116.5 degrees .  In t h e  I R U  
€Ugh Rate Mode the  IRLl Posn Word LSB i s  equa l  t o  0.8 a im sec and t h e  word range 
is  +1864 degrees .  The ACE ITP main ta ins  c u r r e n t  IRU d a t a  in its memory w i t h  a 
maximum time i n t e r v a l  between updat ing of  16 mi l l i s econds  wi th  no i n t e r f e r e n c e  
from d a t a  word updat ing  du r ing  d a t a  reads.  The Major Frame Rate s i g n a l  i s  used 
as an i n i t i a l i z a t i o n  sync t h a t  causes  t h e  f i r s t  b y t e  of t h e  IRU Posn Word t o  be 
t r a n s f e r r e d  t o  the  K I U  du r ing  the  next IRU Position S e r i a l  Data Enable rece ived  
from t h e  RZU. 
3-190 LSD-WC-263 
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3.7.2.3 SRi4 64-Blt TACH Data 
--_I_-- 
ACE A 64 B i t  TACH Data 
ACE B 64 B i t  TACH Data 
(MACS-03) 
( MACS- 1 1 ) 
The E i g h t  success ive  S e r i a l  
Data te lemet ry  r e q u e s t s  i n  t h e  Supervisory Line  R I U  Channel Address-Computer 
Only s l o t s  si11 t r a n s f e r  t h e  f o u r  16 b i t  TACH words, i n  t h e  8 b i t  b y t e  o r d e r  
showr. Fn F i g u r e  3.7-20, from t h e  ACE via  t h e  R I U  and O V ~ P  t h e  Reply Line t o  t h e  
CU and O X .  I n  t h e  Computer Mode t h e  TACH S e r i a l  Date word can be processed 
from t h e  OBC t o  t h e  te lemet ry  downlink via t h e  CdDH R I U .  Each TACH LSB i e  equal  
t o  1/240 SRW revolu t ion .  Each TACH 16 b i t  word range is + 3 2 , 7 6 7 / 2 4 0  136.53 
r e v o l u t i o n s ,  ample margin cons ider ing  t h e  40 Revlaec SRF sync speed. t h e  ACE 
ITP main ta ins  c u r r e n t  TACH S e r i a l  Data i n  i t s  memory with a maximum t i m e  
i n t e r v a l  between updat ing  of 16 n i l l i s e c o n d s  and w i t h  no i n t e r f e r e n c e  from d a t a  
word updat ing dur ing  d a t a  reads.  The Major Frame Rate s i g n a l  i s  used as  an 
i n i t i a l i z a t i o n  sync that causes  t h e  f i r s t  b y t e  of t h e  TACH word t o  be 
t r a n s f e r r e d  t o  t h e  R I U  dur ing  t h e  next  TACH S e r i a l  Data Enable rece ived  from t h e  
RZU. The ThCH S e r i a l  Data word should not  be enabled from t h e  B I U  when t h e  HACS 
is  o p e r a t i n g  i n  t h e  Sa€ehold Mode. 
TACH S e r i a l  Data word is def ined  i n  F igure  3.7-20. 
3-131 LSD-WPC-263 
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3.7 .2 .4  ACE Component S t a t u s  -
ACE A Component S t b t u s  (MACS-04) 
ACE B Component S t a t u s  (MACS-12) 
Component S t a t u s  S e r i a l  Telemetry i s  provided as shown i n  Figure which 
c o n s i s t s  of two 8-bit bytes .  T h i s  te lemet ry  f u n c t i o n  d e f i n e s  or  p a r t i a l l y  
d e f i n e s  magnetic t o r q u e r  d r i v e ,  h e a t e r  power and t h e  s t a t u s  of t h e  ACE I( Hz 
clock.  magnetic t o r q u e r  power b i t  is a n  i n d i c a t i o n  t h a t  t h e  15 V h a s  been 
switched t o  t h e  corresponding t o r q u e r  d r i v e  e l e c t r o n i c s .  A l o g i c  "I" f n d i c a t e s s  
15 V power on. The h e a t e r  power b i t  is der ived  from t h e  PSU r e l a y  contact 
i n d i c a t i n g  28 V power h a s  been switched t o  t h e  carresponding h e a t e r  c i r c u i t ,  
where a l o g i c  "0" i n d i c a t e s  h e a t e r  power on. The ACE 4 Wz c lock  b i t s  are 
der ived  from a countdown of t h e  RIU 1.024 MHz c l o c k  and are i n t e r p r e t e d  a o  shown 
i n  t h e  t r u t h  t a b l e  of F igure  3.7-21. 
3 .7-22,  
The 
Two s u c c e s s i v e  S e r i a l  Data te lemet ry  reques ts  i n  t h e  Supervisory Line R I D  
Channel Address TM/Computer s l o t s  t r a n s f e r  t h e  56 b i t  Coaponenf Stacus Serial 
Data word i n  two 8 b i t  L-ytes, i n  t h e  o r d e r  e h o m  in Figure 3.7-21, from t h e  AGE 
t o  t h e  RIU and over  t h e  Reply Line t o  t h e  CU. The ChDR T e l e x t r y  format c o n t r o l  
w i l l  prockrss t h e  SDD t o  both the OBC and te lemet ry  doi.mliiik. The Conponent 
Status Serial Data is mndntained c u r r e n t  in t h e  ACE output  s h i f t  r e q u e s t e r  and 
d a t a  ?or& updating is i n h i b i t e d  dur ing  d a t a  reads.  The Major Frame Rate s i g n a l  
is used as  an  1 . a i t i a l i z a t i o n  s i g n a l  t h a t  causes  t h e  f i r s t  b y t e  of t h e  Component 
S t a t u s  S e r i a l  Data word to be t r a n s f e r r e d  dur ing  t h e  next  Component S t a t u s  
S e r i a l  Data Enable rece ived  from t h e  R I U .  
3-132 LSD-WPC-263 
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3.7.2.5 ACE Safehold S t a t u s  -
ACE A SHE S t a t u s  (MACS-05) 
ACE B SHE S t a t u s  (MACS-13 1 
Safehold S t a t u s  S e r i a l  Telemetry i s  provlded as shown i n  F igure  3.7-22, which 
c o n s i s t s  of  t h r e e  8-b i t  bytes. r eques t s  
i n  t h e  Superv isory  L ine  RXU Channel Address TM/Computer s l o t s  t r a n s f e r s  t h e  24 
b i t  Safehold S t a t u s  S e r i a l  Data word i n  t h r e e  e i g h t  bSt by te s ,  In t h e  o r d e r  
shown F igure  3.7-22, from t h e  ACE t o  the R I U  and over t h e  Reply Line  to t h e  
CU. The ChDH te lemet ry  format  c o n t r o l  wPll process  the S e r i a l  Data t o  both  t h e  
OBC and te lemet ry  downlink. A l o g i c  "1" in t h e  Safehold A/B b i t  i n  t h e  Safehold 
S t a t u s  A/B word i 8  de r ive6  from the 5 VDC power switched t o  t h e  SafehrLd 
E l e c t r o n i c s  A/B 8nd i t s  a s s o c i a t e d  c o n t r o l  c i r c u i t r y -  A l o g i c  "1" i n  t h e  
S h u t t l e  R e t r i e v a l  b i t  is der ived  from t5e  r e c e f p t  of the Shr t t t l e  Retrieval 
d i s c r e t e  command and the s e t t i n g  of a h i l e v c l  for con~rcl. i n  t h e  Safehold mode. 
The remaining bLts  i n  t he  Safehold Status; S e r i a l  Data sorO are derived from ehe  
r e c e i p t  of  SM command 4/7 and the s e t t i n g  of applicable b i l e v e l a  f o r  selectLon 
of sensor i n p u t s  and t h r u s t e r  c o n t r o l  i n  t h e  Safehold m d e .  
S e r i a l  Data is maintained cu r ren t  i n  the ACE o u t p u t  s h i f t  r e g i s t e r  and d a . .  
updat ing  is i n h i b i t e d  dur ing  d a t a  reads.  
a n  i n i t i a l i z a t i o n  s i g n a l  t h a t  causes  t h e  f i rs t  by te  uirf t he  Safehold S t a t u s  
S e r i a l  Data word t o  be t r a n s f e r r e d  du r ing  t h e  nex t  Safehold S t a t u s  S e r i a l  Data 
Enable r ece ived  from t h e  RIU. 
Three success ive  Serial Data te lemet ry  
i n  
The Safehold .:- - -  
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3.7.2.6 FHST S e r i a l  Telemetry -- 
FHST 1 Word 1 16-Bit Data (MACS-06) 
FHST 1 Word 2 16-Bit Data (MACS-07 ) 
FHST 2 Word 1 16-Bit Data (MACS-08) 
FHST 2 Word 2 16-Bit Data (MACS-09) 
PHST l/FHST 2 S e r i a l  Telemetry c o n s i s t s  of two 16-bi t  words as def ined  i n  F igure  
3.7-23. The FHST d a t a  i n t e r f a c e  wi th  t h e  RXU i o  shown i n  t h e  f u n c t i o n a l  block 
diagram of  F igure  3.7-24. Two success ive  S e r i a l  Data Channel I! and two 
success ive  Channel 9 te lemet ry  reque:ts i n  t h e  Supervisory Line  RLU Channel 
Address TM/Computer s l o t s  w i l l  t r a n s f e r  t h e  S e r i a l  Data from t h e  WST 1 v i a  t h e  
R I U  and o v e r  t he  Reply Line  t o  t h e  CU. The C&DH t e lemet ry  format c o n t r o l  w i l l  
process  t h e  S e r i a l  Data t o  both t h e  OBC and te lemet ry  downlink. The OBC can 
a l s o  r ece ive  t h e  FHST 1 Serial .  Data i n  response t c  Telemetry Addrene reques te  i n  
t h e  Supervisory Line  RZU Channel Address, Coaptiter Only, s l o t s .  S i m i l a r l y  f o r  
FHST 2 v i a  channels  LO and 11, I n  each case t he  Minor Freme Rate S i g n a l  i e  
employed a s  an i n i t i a l i z a t i o n  s i g n a l  t h a t  C B U B ~ S  t h e  firfit byte  ( b i t s  1-8) of 
each d a t a  word t o  be t r a n s f e r r e d  dur ing  the next  corresponding SDD Enable 
s i g n a l .  
FHST 
Each FHST word is t r a n s f e r r e d  MSB f i r s t  wi th  d a t a  b i t s  1 through 12 i n  2's 
Complement format. Each of t h e  remaining s t a t u s  b i t e  i n  F igure  3.7-23 &re true 
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3.7.2.7 ACE 24-Bit Computer/Pays S t a t u s  Word -- 
ACE A 24-Bit Computer/Pays Word 1 (MACS-14) 
ACE B 24-Bit Computer/Pays Word 1 (MACS-15) 
Computer/Pays S t a t u s  S e r i a l  Telemetry i s  provided as shown i n  F igu re  3.7-25, 
which c o n s i s t s  of t h ree  $-bi t  bytes .  Three success ive  te lemet ry  r eques t s  i n  
Supervisory Line  RIU Channel Address TH/Computer s l o t s  t r a n s f e r s  t he  24 b i t  
S e r i a l  Data word i n  t h r e e  8 b i t  by te s  in t he  o r d e r  ohown i n  F igure  3.7-25, from 
the  ACE t o  t h e  R I U  and over  t h e  Reply LIne t o  t h e  CU. The C&DH te lemet ry  fonnat  
c o n t r o l  w i l l  p rocess  the  S e r i a l  Data t o  both  t h e  OBC and te lemet ry  downlink. 
The f o u r  most s i g n i f i c a n t  b i t s  of t h i s  s t a t u s  word i n d i c a t e  the r e c e i p t  of an 
OBC Enable o r  Payload Sensor  (F ine  E r r o r  Sensor)  Enable S e l e c t  Command f o r  
r e a c t i o n  wheel c o n t r o l  i n  t h e  computer mode. ( I t  should be noted t h a t  t he  
r e a c t i o n  wheels respond t o  Safeho1.d E l e c t r o n i c s  i n p u t s  i n  the  Safehold Mode 
r ega rd le s s  of t h e  S e r i a l  Data s t a t u s  te lemet ry  ind ica t ion . )  The f i f t h  and sixth 
most s i g n i f i c a n t  b i t s  of t h i s  s t a t u s  S e r i a l  M a  word i n d i c a t e  t h e  p o s i t i o n  o f  
Separa t ion  
The s t a t u s  d a t a  is maintained c u r r e n t  i n  the.hCE ou tpu t  s h i f t  rqister and d a t a  
word updat ing  is i n h i b i t e d  dur ing  d a t a  reads. The  I4ajor Frame Rate s i g n a l  i s  
used as an i n i t i a l i z a t i o n  s i g n a l  t h a t  causes  the  f i r s t  by te  of t he  S t a t u s  S e r i a l  
Data word t o  be t r a n s f e r r e d  dur ing  t h e  next_ Computer/Pays SDD Enable rece ived  
from t h e  RIU.  
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3.7 2 .8  B i l e v e l  Word 01 -- (MACS-16) 
This  func t ion  c o n s i s t s  of e i g h t  b i l e v e l  s t a t u s  b i t s  combined t o  form 
te lemet ry  word MAGS-16. The b i t s  d e f i n e  o r  p a r t i a l l y  d e f i n e  tfie s t a t u s  of t h e  
IBU and s t a r  t r acke r s .  B i l e v e l  word 01 is  de f ined  as: 
B i t  Weight Z7 z6 25 24 23 22 21 20 
Liser ID 
B i t  I D  BO B 1  B2 B3 B4 B5 B6 B7 
t e lemet ry  
MACs-16--------- > < -------- 
B i t  -
BO 








IRU Channel A Range LowfRigh 
I R U  Channel B Range LowfHigh 
I R U  Channel C Range Low/High 
IRU Channel A Power On/Off 
IRU Channel B Power On/Off 
I R U  Channel C Pover  On/O€f 
FHST 1 Power On/Off 
'FHST 2 Power On/Off 
B i t s  0 ,  Each 
IRU range s t a t u s  b i l e v e l  i s  der ived  from a corresponding r e l a y  c o n t a c t  i n  t h e  
IRU. An open r e l a y  con tac t  corresponds t o  a b i l e v e l  ze ro ,  i n d i c a t i n g  high rate 
range. 
1 and 2 i n d i c a t e  I R U  channel  A,  B and C rate range r e spec t ive ly .  
- B i t  Acronym B i l e v e l  S t a t u e  0 - 1 - 
BO AIRUARNG Low Rate High R a t e  
B1 AIRUBRNG Low Rate High Rate 
B2 AIRUCRNG Low Rate High Rate 
Bits 3 t h r u  7 i n d i c a t e  IRU channel ,  FHST-1 and FHST-2 power s t a t u s .  Each power 
s t a t u s  b i l e v e l  is der ived  from t h e  corresponding l a t c h i n g  r e l a y  p o s i t i o n  i n  t h e  
PSU. A te leroetry con tac t  i n  p a r a l l e l  w i t k t  each PSU C O I I ~ B C ~ ,  switching povet t o  
each IRU -5annel o r  FHST, provides  t h e  ACE with a ls&c sdgnal which it 
c o n d i t i c  d ai-1 buf fe r s .  B i l e v e l  s r a t u s  is d e f i n e d  8s: 
- B i t  Acronym 
83 AIRUAPLZ 
84 AI RUBP WR 
B5 AZRUCPWK 
B i i e v e l  S t a t u s  
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O f f  
O f f  
(MACS-17 ) 
This  te lemet ry  func t ion  c o n s i s t s  of e i g h t  b i l e v e l  s t a t u s  b i t s  combined t o  form 
t e l e = w -  word MACS-19. The b i t s  d e f i n e  o r  p a r t i a l l y  d e f i n e  the  s t a t u s  of t h e  
TAM POwt-, ACE power, launch mode, s o l a r  a r r a y  Index and CSM timer. Bilevel word 
02 is  de f ined  as: 









- Funct ion 
TAX l Power On/OfP 
TAM 2 Power O a / G € f  
ACF A Power Ora/ACE B Power On 
Launch Hode A Ye6/N0 
S/A Tndex I S t a t u s  
S/.? Index 2 S t a t u s  
CSM A T i m e r  Timeout/No Timeout 
CSM B Timer Timeout/No T h e o u t  
B i t s  0 and 1 i n d i c a t e  TAM 1 and TAM 2 power s t a t u s  r e spec t ive ly .  A t e lemet ry  
con tac t  in P a r a l l e l  wi th  each ACE r e l a y  con tac t ,  swi tch ing  power t o  each TA!!, 
Prov.kks the  l o g i c  s i g n a l  which the  ACE cond i t ions  and b u f f e r s  f o r  te lemet ry .  
B i t  - Acronym 
BO ATAM 1 PWR 
B1 ATAMPWR 
B i l e v e l  S t a t u s  





Bit 2 ind icaees  ACE A/B power sl-atus. ACE l o g i c  converts the  ACE A and B C5 VDC 
regula ted  vo l t age  t o  a b i l c v q l  output  dePIned as follows: 
Bi leve l  S t a t u s  
c) - 1 Acronym B i t  
B2 AAONBOFF ACE A On ACE B On 
- - 
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logic and B i t  3 i n d i c a t e s  launch  mode A s t a t u s ,  de r ived  fro= s e p a r i t i o n  swi t ch  
t h e  s e p a r a t i o n  s i g n a l  o v e r r i d e  d i s c r e t e  command. 
- B i t  Acronym 
B 3  a M A  
B i l e v e l  S t a t u s  
0 - 1 - 
Yes No 
B i t s  4 and 5 i n d i c a t e  solar a r r a y  index  w i t c h  p o s i t i o n s  defia. ed as followE3: 
- B i t  Acronym 
B4 A S A I N D l  
B 5  ASAINI)Z 
Bilevel S t a t u s  
0 - 1 - 
Open C~OEXX~ 
Open cloeea 
B i t s  6 and 7 i n d i c a t e  an interruption in t he  OBC CisCrete comand p u l s e  train to 
t h e  Once h a v i q  t h z d  oue,  t h e  CSM t l n e r  m y  
be reset by the  corresponding  CSH inhibit discrete cornand. 
ACE as der ived  by each CSH timer. 




B i l e v a l  S t a t u s  
t' - 1 - 
Timeout No Timeout 
t imeout No Timeout 
3.7.2.10 B i l e v e l  Word 03 (HACS-18) -- 
This  t e l eme t ry  f u n c t i o n  conaLats of e i g h t  b f l e v e l  8Catu6 b i t s  combined 
t e l eme t ry  word NACS-18. 
mode B E t a t U S .  B i l e v e l w o r d  03 is def ined  as: 
t o  f o m  
The b i t e  d e f i n e  o r  p a r t i a l l y  d e f i n e  CSM, SRW and launch  
B i t  
BO 









CSM A Inhfb i ted /Enahled  
CSM B Inhibf ted /Enabled  
Roll Wheel Enabled/Disabled 
P i t c h  Wheel Enabled/Disabled 
Yaw Wheel Enabled/Disabled 
Skew Wheel Enabled/Diaabled 
Launch Mode B YesfNo 
Unused B i t  
3-138 
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/ 
The CSM i n h i b a t  b i l e v e l  te lemet ry  (BO, B1) is  der ived  from the  corresponding CSM 
i n h i b i t / e n a b l e  l o g i c  as s e l e c t e d  v i a  d i s c r e t e  command. 
- Bit Acronym 
BO ACSIUED 
Bl ACSMBED 
B i l e v e l  S t a t u s  
0 - 1 - 
I n h i b i t e d  Enabled 
I n h i b i t e d  Enabled 









B i t  6 i n d i c a t e s  launch mode B s t a t u s ,  der ived from s e p a r a t i o n  switch l o g i c  and 
t h e  s e p a r a t i o n  s i g n a l  o v e r r i d e  d i s c r e t e  command. 
B i l e v e l  S t a t u s  
0 - 1 - E i t  Acronym 
B6 ALtlB y26 NO 
-
3.7.2.11 Bilevel Word 04 (lACS-19) 
This te lemet ry  f u n c t i o n  c o n s i s t s  of e i g h t  b f l e v e l  status t i t o  cambbned EO fqrm 
t e l e w t r y  word HACS-19. The b i t s  d e f i n e  t h e  s t a t u s  of Ehe MAC§ module remte 
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UnU6ed b i t  
Unused B i t  
Unused B i t  
Unused B i t  
Unused B i t  
Unused B i t  
RIU 02 Mate Standby l /Off  
l U U  02 B On/A On 
B i t e  6 and ? Indicate the statue of RIU-Eu A/BIU-EU B, e i t b e r  of which can be! i n  
O n e  of three modes; O f f ,  Standby 1 ,  or On. Note, both IuU's cannot be on 
siimrltaneously. Bit 6 (ARIUMATE) indicates the s t a t e  of the mate t o  the current 
RIU in use. B i t  7 (ARIUID) indicates  which RIU is currently i n  use. Together 
theae two b i t s  def ine  RIU-EU Status,  defined as fol lows:  
0 0 On Off 
0 1 an Standby f 
1 z Standby 1 On 
1 0 O f f  On 
SVS-10266 
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Operarica of the Earth - x u ~ o r  Assembly Hadule i s  monitored si8 16 a c t i v e  anslog 
telemetry charnels. No condi tiOuf?d ( p a s s i v e )  analog.? b i l e v e l  or serial 
telemetry i s  a v a i l a b l e .  
The telemetry points  are l i s t e d  i n  Table 3.7-3 and described i n  Paragraphs 
3.7.4.1.1 thtu 3 .7 .5 .1 .4 .  Telemetry l i m i t s  appear i n  Table 3.7-1; derivat ion 
c i r c u i t s  appear in Paragraph 3.7.5.3.  
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3.7 * 4 TELEMETRY DERIVATION CIRCUITS 
This section provides functional schematfcs of the telemetry circuits referenced 
in the preceding paragraphs. The schematics have been simplifted and are 
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3.7.3,1 Analog Telemetry Monitors 
The Ea r th  Sensor  Assernbly Module u t i l i z e s  16 a c t i v e  analog te lemet ry  po in t s .  
These points are l i s t e d  by use r  ID i n  Table 3.7-3 and 3.7-4 f o r  te lemetry raateix 
l o c a t i o n  and ope ra t ing  limits respec t ive ly .  The fo l lowing  paragraphs desc r ibe  
these te lemet ry  monitors.  I 
‘j .‘7.3.1.1 A t t i t u d e  Monitors 
ESA-1 P i t c h  Fine  Error 
ESA-1 P i t c h  Coarse E r r o r  
ESA-1 R o l l  F ine  E r r o r  
ESA-1 R o l l  Coarse Error 
ESA-2 P i t c h  Fine E r r o r  
ESA-2 P i t c h  Coarse E r r o r  
ESA-2 Roll Fine Er ro r  
ESA-2 Ro l l  Coarse E r r o r  
(ESAEt-01) 







These  te lemet ry  p o i n t s  monitor t h e  s p a c e c r a f t  p i t c h  and r o l l  a t t i t u d e  e r r o r s  as 
measured by e a r t h  sensor  ESA-1 and ESA-2. it3 
provided i n  each a x i s  w i th  approximate s lopes  of 50 mv/deg and 500 mv/deg 
respec t fve ly .  Coarse t e l e n e t r y  becomes s a t u r a t e d  a t  approximately -?35 degrees 
while f i n e  s a t u r a t l o n  occur s  a t  5 5  degrees .  A circuit t y p i c a l  of the der lva t ioD 
of these  te lemetry po in t s  is  presented  i n  Figure 3.7-25. 
A coa r se  and f i n e  te lemet ry  po in t  
3.‘:.3,1.2 Signa l  S t a t u s  Monitors 
ESA-1 Signal  S t a t u s  (ESAM-09) 
GSA-2 Signal  S t a t u s  (ESAPI-IO) 
These  te lemet ry  point s  monitor t h e  s t a t u e  of Ea r th  Sensor ESA-1 and ESA-2 
a t t i t u d e  s i g n a l s .  Each te lemet ry  pa in t  c o n s i s t s  of f o u r  b i - leve ls  combined i n t o  
one analog s i g n a l  i n d i c a t i n g  t h e  s t z t u s  of :  
ESA Logic 
Logic S t a t e  
1 - Enable 0 * Disable  
Horizon Craasing T r a i l i n g  Edge 
Horizon C r o s s h ~  Leading Edge 
Horizon Crossing 1 = Normal 0 = Reversed 
1 = Present 0 * h’ot Present  
1 = Present  0 = Mot P resen t  
L SD- W C-26 3 
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The b i - leve ls  are combined as fol lows:  
S igna l  s t a t u s  ( v o l t s )  c[l.O(ESA l o g i c  s tare)  Q2.0 ( t r a i l i n g  edge l o g i c  
state) + 4.0 ( l ead ing  edge l o g i c  sate 9 8.0 (hor izon  crobcings logic  
s ta te)  J 
c = 0.333 (Vo l t s )  
The normal on o r b i t  con f igu ra t ion  w i l l  'be such t h a t  a l l  i n d i c a t o r s  are at  a -  
l o g i c  l e v e l  1, r e s u l t i n g  i n  a s ignal .  s t a t u s  vo l t age  of 5.00 v o l t s .  The s i g n a l  
s t a t u s  te lemet ry  is formed from t he  l o g i c  c i r c u i t  shown i n  F igu re  3.7-27. 
J,,';. j.1.3 Senaor S t a t u s  Monitors 
ESA-1 Sensor S t a t u s  (ESAM-11) 
ESA-2 Sensor S t a t u s  ( ESM- 12 ) 
These te lemet ry  p o i n t s  monitor t h e  o p e r a t i n g  s t a t u s  G€ Ear th  Sensor  ESA-1 and 
ESA-2. Each te lemet ry  poin t  c o n s i s t s  of f o u r  b i - l eve l s  cumbined i n t o  one analog 
s i g n a l  i n d i c a t i n g  the  s t a t u s  of: 
ESA Heater  
ESA Pcwer 
Scanner Rota t ion  
Sun Presence 
Logic State 
1 = Disable 
1 Enabled 
1 = No Rata t ion  
1 Not Present  
0 Er.ab1ed 
0 = D i s a b l e d  
8 = Rotation 
0 = Present  
The b i - l eve l s  are combined as  fol lows:  
Sensor  
+ 4.0 ( scanner  r o t a t i o n  l o g i c  sate + 8.0 (sun presence l o g i c  s t a t e ) ]  
s t a t u s  ( v o l t s )  = c[ l .O(Heater  l o g i c  s t a t e )  92.0 (power l o g i c  state) 
c = 0.333 ( v o l t s )  
The noma1 on o r b i t  con f igu ra t ion  w i l l  be w i t h  the  h e a t e r  d i sab led ,  power on,  
scanner  r o t a t i n g  and no sun  presence,  corresponding t o  B senso r  s t a t u s  vo l t age  
of 3.66 v o l t s .  The senso r  s t a t u e  te lemet ry  s i g n e l  is formed from t h e  l o g i c  
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5.‘7.Jel..L Temperature Monitors 
CSA-1 Temperature (ESiW-13) 
ESA-1 Bolometer Temperature (ESAM-15) 
ESA-2 Bolometer Temperature (ESM-16) 
ESA-2 Temperncure (ESM-I I t )  
These t e l eme t ry  p o i n t s  monitor E a r t h  Sensor ESA-1 and ESA-2, Assembly and 
BoLometer temperatures.  The assembly temperature  t e l eme t ry  is a monitor of t h e  
temperature e x t e r n a l  t o  t h e  E a r t h  Sensor scanne r s ,  posi t ioned such t h a t  i t  
measures the  same temperature  r e g u l a t i n g  h e a t e r  ope ra t ion .  The Bolometer 
temperoture is a monitor of t h e  temperature  i n t e r n a l  t o  the  scanner.  I d e n t i c a l  
c i r c u i t s  are used t o  meni t o r  both temperatures  as i l l u s t r a t e d  i n  Figure 3 - 7 - 2 9 .  
3.7.3.2 D i g i t a l  Telemetry Monitors 
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F i g u r e  3.7-2.  FIiST Analog Telemetry 
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Figure 3.7-13. ACE 428 Volt Telemetry 
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Figure 3.7-15. ACE Compensated TAT/iRIj Position Tclenrtry 
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LSB FSS Y ax is  (FSS SDD BITS 1-14) MSE 
+32' 
14 13 12 11 LO 
0 0 0 0 0  
0 
9 8 7  
0 0 0  . 
6 5 ~ t 3 2  





1 1 1  
0 0 0  
. 
1 1 1 '  
. . . . * 
1 1 1 1 1  
0 0 0 0 0  
. 
1 1 1 1 1  






1 1 1 1 1  
FSS SDD BITS 17-30 
1 
. 
1 1 1 1 1  -32' 
L SB FSS x .4as MSB 
30 29 28 27 26 2.5 24 23 22 21 20 19 18 17 
-32' 0 0 0 0 0  
1 1 1 1 1  
0 0 0 0 0  . .. 
0 0 0  
1 1 1  
0 0 0  
0 0 0 0 0 0  
1 1 1 1 1 0  
c 0 0 0 0 1  . 
j 
- + 
+32' 1 1 1 1 1 1 1 1  1 1 1 1 1 1  
Unsigned I n t e g e r  Binary 
Fiaure 3.7-18. FSS XIY Axis A t t i t u d e  Telemetry I'oro;e.t. 
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FHST Word I. 
B i t  1 
B i t s  2 - 12 
B i t  13 
--- 
B i t  14 
B i t  15 
B i t  16 
FHST Word 2 
sit 1 
B i t 6  2 - 12 
B i t  1 3  
B i t  14 
B i t  15 
B i t  16 
--- 
Horizontal S t a r  P o s i t i o n  (Sign - MSB) 
Horizontal S t a r  P o s i t i o n  ( B i t  12 - LSB) 
Not Used 
Optics Shutter Closed by BOA 
Star Present 
Optics  Shutter Closed by TS 
Vert i ca l  S t s r  P o s i t i o n  ( S i g ~  - XSB) 
Vert i ca l  Star P o s i t i o n  (Bit 12 - LSB) 
Not Used 
Power Supply not out  of tolerance 
Not Used 
Not Used 




















































Figure 3.7-21. tTtST-RIlr lneerfrcc 
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t 
_r HEATER DISABLED 
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Figure 3.7-29.  ESA/Bolometer Temperature Monitor 
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COMPRTNICATIONS 






5 .  
6. 
7 .  
8 .  







On Board Computer (OBC) and Memorieo \ 
Standard  Telemetry and Command Cmponente (STACC) Centre1  Un i t  (CU) 
STACC I n t e r f a c e  Un i t  (STINT) - 
Mult ip lex  Data Bus (MDB) 
Bus Coupling U n i t  (BCU) 
Remote I n t e r f a c e  Un i t  ( R I U )  
Expender Un i t  (EU) 
Power Contro l  Uni t  (PCU) 
Pre Hodulator Proesseor {PEP) 
Narrowband Tape Recorder (NBTR) 
T r B n s pond e r 
R.F. Switch 
Dip lcxer  
S-Band Omni Antenna 
High Gain Antenna 
The Communicattons rand Data Handling (CLDH) module is a i n t e g r a l  subsystem of 
t h e  NASA Multfmission Modular Spacec ra f t  (EfPtS) which is t he  v e h i c l e  f o r  t h e  
Landsnt-D. The CLDH suhsystem provides  t h e  Capabf l i t y  to t r ansmi t  Landsat-D 
t e l eme t ry ,  r ece ive /p rocess  and d i s t r i b u t e  ccnmnds ,  t r ansmi t  r a n g i q  and 
gene ra t e  t iming dater. The spacacraf  t t e l e w t r y  c o n s i s t s  o i  r e n l t  iare telemetry 
f r o m  the various auhsystems Falid llfgh Rate Channel Gat,% which is Conputer :f.~:nary 
Duaps, Payload Correction Data o r  Nafrowt*and Tape  Recorder ( N S T R )  P l n y h n c k .  The 
subsystem r e t r i e v e s  t h e  te le ixetry s t ream Eram the  appropr i a t e  sou rce  nncl et?cobcet 
t h e  telemetry stream i n t o  p rope r  modulatec! foam f o r  t r ansmiss ion  v i a  t h e  
transponder t r a n s m i t t e r  t o  either TDRSS, GSTDN o r  both.  Conntlinds rece ived  by 
t h e  T r a n o p n d e r  r e c e i v e r  are processed by t h e  C&DH subsystem and d i s t r i b u t e d  t o  
t h e  v a r i o u s  s p s c e c r s f t  subsystems. These conmands c o n s i s t  of immediate cotllmnds, 
4-1 
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delayed 
CCDH Subsystem and a diagram of t h e  system is shown in Figure 4-1. 
4.1 FUNCTIONAL DESCRIPTION 
4.1.1 CdDR FUNCTXONAL DESCRIZTIONS 
The CCDH Subsystem i n c l u d e s  t h e  fo l lowing  components as shown in F i g u r e  4.1-1: 













13 .  
14. 
15. 
On-Board Computer (OBC) and Memories (see S e c t i o n  6.0) 
STACC C e n t r a l  Uni t  (CU) 
STINT 
Mul t ip l ex  Data Bus (PIDB) 
Bus Coupling Uni t  (BCU) 
Remote I n t e r f a c e  Unit  (RXU) 
Expander U n i t  (EU) 
Power C o n t r c l  Unit (PCU) 
Pre-Modulator Processor  (PMP) 
Narrowband Tape Recorder (NBTR) (see S e c t i o n  5.0) 
Trans ponde r 
R.F. Switch 
Dip lexe r  
Omni Antenna 
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L-1-1-1 E Antennas Switchin& 
Tttc BF s i g n s l s  t o  and from t h e  redt;r.dunt transpont:>rrs o r e  epVlXe8 to  the f o u r  
antenna p d r t s  as i n d i c a t e d  i n  t h e  b l o c k  diaggrnm of F igure  n.1-2. Opebehetion fs 
in t h e  S-Band frequency range. Coraind c o n t r o l l e d ,  mnget ica1,y IatcheC, BF 
t r a n s f e r  swi tches  are employed in t h e  t ra t r sm+t  sig,nal path eo allow e i t h e r  
t ransmi t te r ' s  ou tput  signal t o  be sw:rched between t%e high p i n  ant5 ontni 
nntenris p o r t s e  In th? high , a h  mode, the t r a r s f e r  m . t c h e s  also provide c4 
matched Load t o  t h e  unused d l p l e x e r  t r ~ n s m i t  port .  
The f o n a r d  l i n k  s i g n a l s  KO t h e  transponders '  r e c e i v c r  inputz  arc not  switched. 
These? are 31ways connected t o  t h e  omni Torts. 
4.1.1.1.1 RF Switcb Cont ro l  
There are f m r  d i s c r c r e  cocmsnds hssoc ia tcd  with t h e  antenna feeds.  These are 
appl ied  t o  t h e  t r a n s f e r  swi tches  v i a  t t e  PCU and are l i s t e d  in Sect ion  4.6. 
There are three RF conf igura t ion  commands. In o r d e r  t o  e f f e c t  a c o n f i g u r a t i o n  
c o m ~ n d ,  i t  is f i r s t  necessary t h a t  t h e  RF Switch 28V Bus s e l e c t e d  be consistent 
with tbc R I U  i n  use ,  e.&., f o r  EIU-I; t k e  "28V Bus A f o r  RC- SwJ.rrh" d i s c r e t e  
conmnd pos!.tion is required- After the ia t  ter l a t c h e s  c o n d l C i c ~  is o b t a i n e d ,  
t h e  three RF conflguratton comitands can be w e d  t G  achieve the t rar?amit ter  f e e d  
corrfiguretions shown below. S c t e  t h a t  each cornand restrlt P j  I= rfie S:~:J?~ELDWXE 
r e c o n f i g b r e t i o n  of boci t r ans f i t t e r  f F C ; ~  
Transmi t te r  RF Feed Conf igura t ions  
I 
ENABLE Transmi t te r  h Transmi t te r  B I 









I High Gain 
hTlf 11 
o m 1  I I  , 
The c o n f f g u r a t i o n  colnnwnds can be s u p p l i e d  redundant ly  from RIlT A and B. The 
bus s e l e c t  commtinds, however are dedicated t o  t h e  RIU's  eti indicated ic TZC. 
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4.1 -1.2 Transponder 
1m.dsat-D  employ^ redundant t ranspocders .  Esch traaspnnder c o w  isstti of wparaze 
cofgponects: t h e  t r a n s m i t t e r - r e c e i v e r ,  biplexer, bad1, r e j e c t  f i l t e r ,  etc- The 
in te rconnec t ion  &tween t h e  above zhree  cmponents  as a fuazction of the 
coamanrled RF c o n f i g u r a t i o n  i 6  shown In F i g u r e  4.1-3. 
The t ransponder  c a n  be configured,  by ground ccnamnd, t o  provide  t h e  c a p a b i l i t y  
f o r  both realtime s p a c e c r a f t  t e lemet ry  and hPgA rate channel through 
t h e  TDRS (single access or  m u l t i p l e  a c c e s s )  and t h e  G‘STDN s ~ u l t a o e o u s l y ,  if 
required.  Receiver  o p e r a t i o n  is a t  t h e  ass igned  frequency of 2106.4 Miz, and 
t ransmiss ion  frequency is  2287.5 Kfiz. The sa=e f requency assignnrents are used 
f o r  both t ransponders .  Transmit power i s  5 watts, nominal. The t ransponder  tan 
be opera ted  i n  e i t h e r  coherent  mode o r  Eon-coherent rwode. 
telemetry 
The GSTDN forward lid. command (or  d a t a )  is recovered by d e t e c t i o n  of the 
incoming PSK/@M RF s i g n a l .  The lat ter c o n s f s t s  of an  N E - H ,  20QO !ps baseband 
s i g n a l ,  PSK modulated (490O) on a 1 6  KHz s u b c a r r i e r ,  which is phase  nodulated on 
t h e  carrier. l h e  GSTDNreturn l i n k  t ransmiss ion  employs F D M /  Pi with nominally 
2Ox residual .  c a r r i e r .  The FDM signal i s  obta ined  f r o =  t h e  PW and c o n s i s t s  of 
R/T te lemet ry  d a t a  (nominally 8 Kbps) PSK modulated on a 1.024 Ewz s u b c a r r i e r  
(Bi @-?f coded) ,  F l u s  I’igh Rate Channel Data (Coqmter D w p ,  PCE at I. K5ps132 
Kbps o r  XETR Playback a t  128 or  256 Kbps) occupying: the frcqr:eaep s p e c t r u a  b e l w  
t h e  s u b c a r r i e r .  The choLca of d a t a  channels f r o m  rhe P?P fe cc+zuiind c o n t r o l l e d ,  
and e i t h e r  a s i n g l e  channel  or two c h a n e l s  (fDZf ss nbove) can be provided to 
t h e  t ransml. t ter  . 
The TDRSS forward l i n k  employs quadra ture  chaunels ,  one f o r  cotmiand, t h e  o t h e r  
f o r  ranging. Each is PSK modulated by a nominally 3M-chips per second PN code. 
The command b igna l  is KRZ-M coded a t  e i t h e r  125 b p s  or 1,000 bps, and i s  
contained as a m d u l e  2 a d d i t i o n  t o  t h e  command channel  PN code. The rangfng PN 
channel does not c o n t a i n  any superimposed d a t a .  The covmad t o  ranging c h m n e l  
power r a t i o  is 1 O : l .  The TDRSS r e t u r n  l i n k  a l s o  u t i l i z e s  quadra ture  c h a m e l s .  
These are termed I and Q. By command c o n t r o l ,  e i t h e r  can be PSK modulated with 
a PN code of JM c h i p s  per  second (PN/SQPSK). The I channel,  conta in ing  t h e  R/T 
te lemetry d a t a  w i l l  employ t h e  PN code. The Q channel ,  c o r t a l u i n g  a choice of 
one of two d a t a  channels ,  t h e  l a t t e r  under comaand c o n t r o l  from t h e  PMP, w i l l  
use t h e  PN code. m d u l e  2 
added t o  t h e  PN code. The Q channel  baseband d a t a ,  also NRZ-M coded, provides  
d i r e c t  PSK modulation of the quadrature  c a r r i e r .  There are 85 p o s s i b l e  PN code 
sets. Landsat-D u s e s  PN-2 and Landsat-D Prime uses PK-3 (see CSFC STDN 108 f o r  
d e f i n i t i o n ) .  The (quadra ture)  c a r r i e r s ’  Q t o  I pw-er r a t i o  is 4:l .  
The I channel  R/T te lemet ry  d a t a  16  KR2-N coded and 
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A t  baseband, f o r  t h e  r e t u r n  l i n k  tronsmission, 6ignal:e can be ob ta ined  from 
e i t h e r  PMP-A - ~ f  PMP-B t o  e i t h e r  t h e  A o f  B transmitter,  (See Figure  4.1-4.) A 
coamand c o n t r o l l e d  Normal-Reverse s w b t c h  (SEI?, conta ined  w i t h i n  t h e  PFP, 
provides  f o r  t h i s  p a s s i v e  cross-strapping. The N o ~ A ~  p o s i t i o n  s imul taneous ly  
connec ts  PMP-h t o  transmitter A and PIP-B to transrdtter 8. The r e v e r s e  
p o s i t i o n  r e s u l t s  i n  a n  A t o  B, and B t o  A conf igu ra t ion .  The de tec t ed  forward 
l i n k  command is supp l i ed  from each r e c e i v e r  t o  bo th  CU-A and CU-B, 
s iroultaneously ( a c t i v e  c ross -s t rap) .  (See F igu re  4.1-5.) 
I n  a d d i t i o n  t o  forward l i n k  commanding by RF, t h e r e  is d e o  a v a i l a b l e  a baseband 
command mode. Th i s  is obta ined  v i a  h a r d l i n e  t o  t h e  command d e t e c t o r s  i n  t h e  
t r a r sponder s .  The s i g n a l  r equ i r ed  i c  a 16 M z  s u b c a r r i e r ,  PSK modulated, by t h e  
comaand, a t  2 Kbps, NRZ-M coded. 
4.1.1.2.1 Command Data De tec t ion  
I n  the  TDRSS Mode, t h e  command d a t a  is recovered from the Forward Link spreading  
code and is  chopped wi th  a 16 kwz squa re  wave p r i o r  t o  d e l i v e r y  t o  t h e  Command 
Detector Un i t  (CDU). I n  t h e  GSTDN Mode, the 16 kl4z s u b c a r r i e r  con ta in ing  t h e  
commnd d a t a  is d e l i v e r d  t o  t h e  CDU. 
Based on whether a TDRSS Oi a GSi?3T)N s i g n a l  was acpirPrec?, t h e  CDU is 
aut0n;ltLcally conf igured  by the transponder's internsf. d i g i t a l  SUbsy6teln t o  
accep t  e i t he r  ttie TDRSS d i g i t a l  b i t  stream or t h e  GSTDN 16 ktjz blphase / 2 )  
modulated s u b c a r r i e r .  The CDU d- l ivers  t o  t h e  CU the o r i g i n a l  command b i t  
stream, a c l o c k  t i m i n g  arid a n  "In-lock" s i g n a l  (F igure  4 . 1 - 6 ) .  
4.1.1.2.2 Transmit Return Link Telelretry 
?he t r a n s m i t t e r  in t h e  Transponder has  i n p u t s  E q t  two d i g i t a l  t e lemet ry  da ta  b i t  
s t reams i n  t h e  TDRSS Mode and two analog  t e l e e e c r y  s i g n a l s  i n  t h e  CSTDN Mode. 
The t w o  TDRSS d a t a  b i t  s t r e a m  modulo-2 addeo' to in ferna l ly-genera ted  PN codes 
and t r ansmi t t ed  independent ly  on t h e  In-phase (1) Channel end t h e  Quadra tu re  (Q) 
Channel. as  Staggered-Quadriphose-Phase-Shift-Keyed (SQPSK) modulation on t h e  S- 
Band Return L i n k .  Only one of t h e  t w o  CSTDN analog signals ore sumwd i n  a 
l i n e a r  network and transmitted as r e s i d u a l - c a r r i e r  phase modulation on t h e  5- 
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The r e l a t i v e  d i s t r i b u t i o n  modulation energy between Q Channel and t h e  I Channel 
i s  a 4:1 r a t i o .  The GSTDN phase modulation index  c a n  be commnded LOW or  
Both t h e  TDRSS and t h e  STDN telemetry c:hnnnels can be turned ON/OPP by external .  
conwind, as w e l l  as t h e  GSTDN Tone Ranging Channel, which i5 l i n e a r l y  sumuted 
w i t h  t h e  GSTDN te lemet ry  i n p u t .  
The spreading  code f o r  t h e  TDRSS Return L i J c  i s  obtained from t h e  t ransponder  
in te rna l .  d i g i t a l  subsystem. Modulation mode c o n t r o l  permits  r e c o n f i g u r a t i o n  of 
t h e  modulator network t o  d e l i v e r  to  t h e  S-Band power a m p l i f i e r  s t a g e  any 
one of t h e  fol lowing:  
BXGW. 
phase 
1. Residual  carrier, l i n e a r l y  phase-modulated (GSTDN). 
2. Suppressed-carr ier  SQPSK, PN in te rna l ly-suppl ied  (TDRSS). 
3.  Suppreased-carr ier  Biphase modulated b i t  stream o r  PN on t h e  Q Channel 
and PN on t h e  I Channel (TDRSS). 
The c o n f i g u r a t i o n  of t h e  t r a n s m i t t e r  and t h e  s e l e c t i o n  of t h e  modulation sources  
and l e v e l s  f o r  TDRSS o r  GSTDN o p e r a t i o n  is autoimttca1l.y a c c q l i o h e d  by f:he 
dig i ta l .  subsystem, based on t h e  Forward Lirik node beirig rece ived  by t h e  
t ransponder ,  external c o m n d n  and f ixed prcsgrsulmirag. 
Following modulation. t h e  S-Band s i g n a l  is arnplif ied t o  t h e  desired output  
l e v e l .  The output  f i l t e r / i s o l a t o r ,  w h i c h  p r o t e c t s  t h e  transmitter from s t z o c t ~  up. 
opens on t h e  antenna l i n e ,  a l s o  conta ins  power monitors f o r  t e l e z e t e r i n g  t h e  
forward and r e f l e c t e d  s i g n a l  power. A band reject f i l t e r  p r o t e c t s  t h e  r e c e i v e r .  
4.1 .1 . 2 .3  Turn-Around Ranging 
The turn-arou-3 ranging f u n c t i o n  i n  t h e  t ransponder  is a v a i l a b l e  only t h e  
r e c e i v e r  is  locked t o  a Forward L i n k  s i g n a l .  I n  t h e  TDRSS mode, turn-around 
ranging is obtained by synchronizing t h e  " a l l  1's" s t a t e  i n  t h e  l o c a l l y -  
generated Return Link PN code. The "a l l  l*s" s ta te  i n  t h e  rece ived  Forward Link 
PN code. The rece ived  code i t s e l f  is not turned around. With t h e  t ransponder  
o p e r a t i n g  i n  t h e  coherent  carrier turn-around mode, - t h i e  func t ion  is a v a i l a b l e  
i n  t h e  MA and SSA services except  when t r a n s m i t t i n g  high d a t a  ra te  te lemet ry  
signals. 
when 
The GSTDN ground Tone Ranging Subsystem relies on t h e  s p a c e c r a f t  t ransponder  t o  
detect i n  t h e  range of 4 H z  t o  500 kHz which have been phasa- 
modulated OJ t h e  Forward Link c a r r i e r  by the ground o t a t l u n  and t o  re--mdulatci 
then I n  
t h e  phaselock r e c e i v e r  bn t h e  t ransponder ,  a s e p a r a t e  in te rmedia te  frequency 
amplSL:ier/r'rase d e t e c t o r  channel is provided f o r  t h e  range tone  s i g n a l s .  The 
ampli tude c . i  t h e  output  tones is maintained cons tan t  by an automatic  g a i n  
c o n t r o l  so  t h a t  a pre-determined phase modulation index f o r  t h e  ranging 
sinewave tonee 
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t o z m  is on  t h e  Return  Link. A com ndable  &witch is provided i n  ehe ranglq 
channel  so t h a t  i t  can  ba commanded OWOFF. TRm s n n g i ~ 3  tonefa nsny Bc 
t ransm' t tod  a l o n e  or  msrp be sttramad vith Return link ta lonat ry  subcarriers from 
the  Pbf? p r i o r  t o  apply ing  t h e  signals t o  t h e  t r a n s m i t t e r  phase tnoduir~9tor. 
4.1.1.2.4 Coherent Carrier Turn-Around 
T h e  ground Doppler Range Rate Tracking Subsystem re l ies  on t h e  s p a c e c r a f t  
t ransponder  t o  t u r n  around t h e  Forward Link carrier frequency i n  t h e  precise 
r a t i o  of 2401'221 t o  gene ra t e  the  Return Link carrier. This is c a l l e d  t h e  
"coherent turn-around" mode. 
I n  t h e  suppressed-car r ie r  TDRSS Mode, t h e  " c a r r i e r "  which is  turned around is 
r econs t ruc t ed  i n  t h e  receiver d e t e c t o r  c i r c u i t s  from t h e  s i d e b t d s  of  t h e  
Forward Link spread-spectrum s i g n a l .  I n  t h e  CSTDN Mode, the  e r a n s d t f e r  d r i v e  
frequency is ob ta ined  from t h e  phaselock t r a c k i n g  loop i n  t h e  r e c e l v c r ,  which is 
phase-locked t o  t h e  Forward Link r e s i d u a l - c a r r i e r  s i g n a l .  
I n  both t h e  TDRSS and CSTDN Modes, t h e  phaseluck r e c e i v e r  is B double-conversion 
superhetrodyne type  i n  which t h e  e f f e c t  of t he  down-conversion i s  t o  cause  t h e  
r e c e i v e r  vo l tage-cont ro l led  o s c i l l a t o r  (VCO) t o  run at precise ly  ( 2 / 2 2 1 )  o f  the 
S-Bar,d Forward Link i npu t  frequency. The tranar:-d t t e r  conta ine  frequency 
m u l t i p l i e r  and up-converter c i r c u i t s  which provide 0x1 over -a l l  f regucncy 
r eu l t l p l i ca t ion  of p r e c i s e l y  120 times the  i npu t  drive  frequency. When the 
t r a n s m i t t e r  d r i v e  f requency i~ obieinec! from t h e  Receiver VCO Ehs trnneczl.rter S- 
Band Return L i n k  f requency i e  p r e c i s e l y  (245/221) times the rece ived  S - B n d  
Forward Link frequency.  
I f  t h e  r e c e i v e r  is no t  locked t o  a Forward Link s i g n a l ,  an  r-f swi tch  i n  t h e  
t r a n s m i t t e r  au tomat i ca l ly  selects t h e  t r a n s m i t t e r  d r i v e  frequency from a quar t z  
c r y s t a l  o s c i l l a t o r .  Th i s  is c a l l e d  the  "non-coherent" m d e .  
4.1 . 1 . 2 . 5  Opera t iona l  S t a t e s  
4.1.1.2.5.1 Automatic S t a t e s .  Numerous s t a t e s  of the  t ransponders  are 
cau tomt ica l ly  re-configured by t h e  se l f -conta ined  Digf t a l  Subeystera. 
I_ .-- 
They are: 
1. CSTDN Mode conf igu ra t ion  
2 .  TDRSS Mode conf igu ra t ion  
3 .  TDRSS Mode Acqu i s i t i on  S t a t e s  
4 .  Cotierent/Non-fo~.erent Returr: Link. C a r r i e r  B Q ~ ~ S  
L SD- W C -  2 6 3 
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4.1.1.2.5.2 Commandable S t a t e s .  As mentioned above, v a r i o u s  func t ions  of t h e  
Tracsponder can be c o n t r o l l e d  ON/OFF, o r  va lues  of  parameters can be se t ,  by 
e x t e r n a l  command. Commands are contained i n  a 16 b i t  strrir,L ccnlrand word uh 
i s  read i n t o  t h e  t ransponder  a t  a 256 lcbps rate. See SVS-10124 i n  the Data 
Format Con t ro l  Book, Vol. 111 (Command). 
4 .le 1.2.5.3 Command Processing.  A single command o r  command sequence ve r sus  
t h e  te lemetry i n d i c a t o r s  t o  accep t  reject and count  commands are shown i n  Figure 
4.1-7. The Reject b i t  is normally i n  t h e  reject  s ta te .  When t h e  command is 
accepted i t  goes t o  t h e  a c c e p t  s ta te  f o r  approximately t h r e e  mll l iseconds.  The 
ground so f tware  should look a t  t h e  command coun te r  a f t e r  t h e  command has  been 
s e n t  and not  t h e  reject  b i t ,  which may not be seen i n  t h e  accep t  s ta te  via 
telemetry.  
4.1.1.3 Pre-Modulation Processor  
The c e n t r a l  c o n t r o l  f o r  baseband s i g n a l  d a t a  procqssing anG a p p l i c a t i o n  t o  t h e  
transponder f o r  t h e  r e t u r n  l i n k  t r ansmiss ion  is  the  FMP. The Pre-Modulation 
Processor  has  redundant u n i t s  (PMP AhB) .  
A s i m p l i f i e d  block diagram of t h e  PW is given i n  F igu re  4.1-8. The i n p u t  
s i g n a l s  app l i ed  t o  P!Q are commnd s e l e c t a b l e  f o r  processing,  coding and 
mult iplexing.  The r e s u l t a n t  output  s i g n n l s  are rou ted  t o  t h e  t ransponder  fo r  
r e t u r n  l i n k  t ransmission.  The PMP a l s o  s u p p l i e s  t h e  t a p e  output  signals f o r  
recording by t h e  NBTR. 
The PEP i s  e s s e n t i a l l y  divided into three e s s e n t i a l  func t ions .  These func t ions  
are: t h e  seriJ command decoders and d r i v e s ,  t h e  se r ia l  te lemetry encoders ,  and 
t h e  s i g n a l  processing c i r c u i t s .  
The PMP a c c e p t s  i n p u t  s i g n a l s  a t  seve p o r t s .  The sources  o f  d a t a  are: 
1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
Realtime t e l eme t ry  d a t a  from CU-A 
Realt i m e  t e l eme t ry  da t a  f ;-om CU-B 
Memory Dullip from STINT-A 
Memory Dump from STINT-B 
Payload Cor rec t ion  Data from PCD Formatter A 
Payload Cor rec t ion  Data from PCD F o m t t a r  B 
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These d a t a  sources  are s e l e c t e d  i n  va r ious  combinatioue f o r  r w t i n g  t o  e i t h e r  a 
GSTDN o r  TDRSS t r a n s m i t t e r  ou tpu t .  I n  a d d i t i o n ,  real time te lemat ry  d a t a  
ou tpu t s  can be suppl ied  t o  h a r d l i u e  output .  A l l  i npu t fou tpu t  cnmbtcstjona a r e  
e s t a b l i s h e d  by s e l e c t i i i g  t h e  a p p r o p r i a t e  PH? mode. 
All d a t a  t o  t h e  GSTDN ou tpu t  is B i - p h a s e s  encoded to i nco rpora t e  t h e  c lock  
s i g n a l  i n t o  t h e  d a t a  s i g n a l .  The GSTDN ou tpu t  i p  a f requency d i v i s i o n  
mriltiglexed s i g n a l  formed by BPSK modulating t h e  real t i m e  t e leme ' ry  d a t a  onto  a 
s u b c a r r i e r  a t  a frequency above t h e  basebend s p e c t r a l  occupant;- of t h e  second 
rfata channel. A l t e r n a t e l y ,  t h e  moduleted t e l eme t ry  channel can be i n d i v i d u a l l y  
obtained.  I n  t h e  case of t h e  TDRSS ou tpu t ,  t h c  s imultaneous pro-riefon of 2 
ou tpu t s  f o r  each of t h e  PMP ope ra t ing  modes i s  hamiled through s e p a r a t e  I. and 
channel  ou tpu t s  t o  t h e  t r a n s m i t t e r .  Here NRZ-M encoding i s  provic"ed k i t h  
s e l e c t a b l e  convolu t iona l  encoding t o  improve link b i t  e r r o r  rates. The "Moths 
of Operat ions" ,  and "Command" s e c t i o n s  cover  t h e  swi tch  s e t t i n g s  f o r  t h e  PMP. 
The PMP Tape ou tpu t  s i g n a l  t o  t h e  t a p e  recorder 's  record  a m p l i f i e r  i s  t h e  real 
time te lemet ry  d a t a  (8 Kbps only)  from t h e  s e l e c t e d  CU (Tape Recorder A is 
ass igned  t o  PMP-A and Tape Recorder B t o  PMP-E). The PMP d r i v e  t o  t h e  tape  
r eco rde r s  i s  provided w i t h  ONfOFF command con t ro l .  PMP R/T te lemet ry  output  t o  
t h e  t a p e  r eco rde r  record  a m p l i f i e r  c o a s i s t s  of NRZ-L d a t a  and 1X c lack .  
The f?W h a r d l i n e  can ,  by conmcct, supply  t h e  d a t a   fro^ any i n p u t  po r t .  OW/OFF 
c o n t r o l  o f  t h e  h a r d l i n e  ou tpu t  5-s available by cornand. 
Nine d i f f e r e n t  PMP modes o f  operation (des igna ted  A t o  11 are command t ie lec iab le  
for  a p p l i c r t i o n  t o  t h e  r e t u r n  1 L d c  t rnnsudss ion .  These a t p u t  e i t h e r  one o r  two 
of the  i n p u t  s i g n a l s  a t  a t i m e .  Modes A t!iril D are used i i t  cosoc ia t ion  wi th  the  
GSTDN mode of t h e  t ransponder ,  E i s  no t  used and F t h r u  I wi th  t h e  TDRSS mode. 
For  t h e  GSTDN modes, d u a l  i n p u t  s i g n a l s  are frequencjr d i v i s i o n  mult iplexed 
before  a p p l i c a t i o n  t o  t h e  t ransponder .  I n  t h e  TDRSS Eode, t h e  two s i g n a l s  are 
provided s e p a r a t e l y  on p o r t s  des idna ted  I and Q. Independent command se1.ection 
of convolu t ion  encodiag € o r  t h e  I and Q channels  is a l s o  provided. 
- ' I  
The i n p u t  and ou tpu t  s i g n a l  c h a r a c t e r l s 2 i c s  are summzirizgd below. ..L i npu t  
d a t a  s i g n a l s  are NU-L and inc lude  both 1X and 2X clocko. 
I n  nny of t h e  GSTDN modes (A t o  D) R/T t e l e a e t r y  d a t a  is converted t o  BiPhaae-S 
and PSK modulated on a 1.024 MHz s u b c a r r i e r .  The l a t te r  i s  suppl ied  E m m  the  
a c t i v e  CU. The o t h e r  i n p u t  s i g n a l  source  (High Rate Channel Clara) i s  si$-S coded 
and summed wi th  t h e  s u b c a r r i e r .  Frequency spectrum occupancy i o r  t h i s  seccnd 
d a t a  channel  l ies below t h e  s u b c a r r i e r .  Note t h a t  STnN mode h only ou tpu t s  t he  
R/T te lemet ry  s u b c a r r i e r  s i g n a l .  Th i s  clears t h e  freqdency 6pectrum bel ow tha 
s u b c a r r i e r ,  and a l lows  i n t e r n a l  S G I R Z ~ R ~  w i t h i n  t h e  t rncsponder  of i t E  ranging 
channel. 
c 
The O N  Modes ( A  t o  D)  supply t h e  d r i v e  s i g n a l  t o  t h e  transmitte.'e l i n e a r  
phase mOdUf8tOr. Output l e v e l  from t h e  PW is  au tomat i ca l ly  s e t ,  as each node is 
LSU-'Vf?C- 2 6 3 
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selccte.d,  so t h a t  t h e  r e s u l t a n t  t r a n s n l t t e y  modulation index r e s u l t s  i n  a 
nol r ind  202 residual  c a r r i e r  i n  the trf insoll t tcd s i g n a l .  %ode P. r e q u i r e s  thae: 
t h e  transporider h i n  the  high nodtdnt ion  index  (1.6) state. Node A ,  bzth  
ranging, u t i l i z e s  tile? low modulation index ( te leraetry 10.8 and 
Mode B uses  high modulation index  ( te lemet ry  4.8 and Kigh Bate C h a m e l  d a t a  
ml.0. 
ranqing 4.6). 
I n  t h e  TDRSS modes ( F  t o  I). t h e  R/T telemetry data 1s I'Lv;-pI coded appl ied  
t o  t h e  I channel.  The second d a t a  source (High Rate  Channel Data) also NU-M 
coded, is 8 p p l i e d  t o  t h e  9 channel.  A 1/2  rate, length  7, convolu t iona l  encoder ,  
can be a p p l i e d  t o  both t h e  I and Q channels independently.  Outpat s i g n a l  l e v e l  
t o  t h e  :ransponder is cons tan t  for a l l  TDRSS modes. 
Tke redundant PKP o u t p u t  s i g n a l s  are a p p l i e d  t o  t h e  two t ransponders  in a cross 
s t r a p  arrangement so t h a t ,  ay proper  coumand, t h e  s imultaneous connect ion of 
PMP-A t o  Transponder A and PMP-B t o  Trsnspvuder B are obtained (Normal); or the 
r e v e m e  is c.5tained ( A  t o  B and 3 t o  A ) .  
4.1.1.4 STACC C e n t r s i  Unft (CV) 
The CU i n t e r f a c e s  wAch most of t h e  CCCH compon'ents and i t s  f t i n c t i o m  .i.nclude: 
and 
(See F igure  4.1-2, Switch 6). 
---
1. C e n t r a l  coinman3 d i s t r i b u t i o n  of rhe forward l i n k  da ta .  
2. 
3 .  
C e n t r a l  colitrol of te lemet ry  acq-.xisit ion for t h e  retnrn link. 
Operat ion w i t h  t h e  OBC i n  conjunc:cr,: with the  above and o t h e r  command 
acd te lemet ry  func t ions .  
4. Provis ions  of a s t a b l e  s p a c e c r a f t  c lock  f o r  a c c u r a t e  i n d i c a t i o n  of 
r e l a t i v e  s p a c e c r a f t  t i m e  at3 Cor d i s t r f b u L i o n  t o  t h e  DPU. 
The STACC CU, s u m a r i z e d  io Table 4.1-1, accomplishes t h e  above f o r  t h e  CCDH 
Subsystem by comnunication v i a  t h e  Mult iplex D a t a  &us f o r  a l l  subsystems of t h e  




The CU ln te r faccs  p~re dese~ i tx fd  below along with ther gemam]. ftanetdanol 
characteristics. 
Table 4.1-1. Central U ~ l t  (CLl) Functions 
- 1  -. ? 
I Corrorand Decodlng Q Yeriffcatlon i 
o A c t  Ive Redundant Cross-StrapLwd Chanriela 
I 8 Se lec twble  S/C A d d r e m  6 L h i t  11) 
I Q Selectable  KRZ-Pl ep: t C Q m n d  Coding 
I 
I1 Telemetry Format Ca-rer t i o n  & Control  
e 8 Bits x 128 Uord Minor Frame 
e lb Fixed Word6 per Hinor Frame 
e 128 x 198 k'oI.d Hajor Fr 
o 6 x 128 Channel Subcorns; 
e Coum.idable 
Format X B Formet 11 
Flmlble Formats ( O K  OptSon) 
111 M u l t i p l e x  Data Bur Control 




l h t h  transponder recai V P , ~  are  continuously 0 ) r e r a t i o ~ l  A ~ I  recaptlon l a  through 
drtilicstad o m 1  rnd S-Bmnd Illgh Coin Anttrrinas. Forwrard Ill& trignalrr will 
&enerrl lp tw recovered hy boti i  trranspondar rcceivcrrtp and ~ i ~ u l c ~ n ~ o u f i l ~  
to the CU. Racfundant deccwje i n  tlm CU I B C C P ~ C  these a lgnels ,  and a f tor  
s o r l f l c a t i o n ,  the CU @elec t  ap on@ of t h e w  for dls tr tkut lon .  The varlf  1cAebon and 
sielece fon proccfis far implemrated i n  the Cll ea: pr+vent di4t t ihut ion of 
e r r o i i ~ ~ u s  commra:ads prctrvant fa1 lure of o m  t ranspondar race iver  f r m  d l  tmbf lng  
both Inputs t o  t h e  CU, t a m i n a t a  coastand procroalry: i f  errorffi ore d o t n c t s d .  And 
prevent d l a t r f b u t l o n  ob cnmtmnda out of asquetacca. To accampll~h t h i s  the CU 
decoders nparuts In snarl> Eialrct inn d u a l d i v e r s i t y  {i.m., on* of the two input 
channels i s  o s l e r t e d  for  d la tr lhut lon) ,  r i e h  i n i t i a l  prrforential  1ooItpctloit of 
the transponder A input signal, and the CLI mils aillovr ewlsct lon asquancs 
trsnafcr  from the trplnapoirdrPr rece iver  A t o  8 ( n o t  B to  A ) .  Ths l a t t e r  
atratrglma pra\vmt out of sequence, coraiwnde. 
The redundant Cll should never be ir .  ;hc O N  a t a t s  along w i t h  the prlnr Cl!. I t  
s h o u l d  aXunpr he l e f t  In STAh'DBC Ln c a m  tirr exrcriual o a c l l l a t o r  f a l l s .  
t 
6 - 2 1  
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Figure 4.1-9.  STACC C e n t r a l  Unit Block Diagram (CLDH) 
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Processing of t h e  t ransponder  A s i g n a l  w i l l  con t inue  mtil t h e  tracepander W RF 
received s i g n a l  q u a l i t y  degrades t o  t h e  po in t  tit wlrich t h e  transpon6er d e t e c t o r  
or r e c e i v e r  l o s e s  lock;  o r  b i t  e r r o r  caasea the CU t o  detect an ~tror during t h e  
v e r i f i c a t i o n  check. Upon d e t e c t i o n  of an error t h e  downlink CU-A decoder 
channel monitor (word 3, b i t  7)  will chhangb? s t a t e  t o  indical 'e  CU-A Decoder 
Channel A Reject-Yes. I f  during t h e  course of t h e  command sequence, s t a r t i n g  
from t h e  I n t r o d u c t i o n ,  t h e  t ransponder  B CU decoder had v e r i f i e d  a l l  words, 
including that f o r  which t h e  A s i d e  had j u s t  determined an e r r o r ,  t h e  CU w i l l  
select t h e  B s i d e  f o r  d i s t r i b u t i o n ,  s t a r t i n g  a t  the  l r s t t e r  word. The c o m n d  
coun te r  w i l l  advance as before.  I n  t h e  even t  that all words on t h e  B s i d e  had 
not been v e r i f i e d ,  o r  in t he  even t h a t  t h e  t ransponder  E signal subsequent ly  
degrades t o  t h e  po in t  a t  which e r r o r s  a r e  d e t e c t e d ,  t h e  CIr will h a l t  t h e  forward 
l i n k  command d i s t r i b u t i o n .  This  a c t i o n  is r e f l e c t e d  i n  t h e  downlink te lemetry 
by a h a l t  i n  t h e  command coun te r  and a CU Cowend Rejece-Yea f lag  i n d i c a t i o n  
( t h e  reject f l a g  is in t h e  NO s t a t e  a t  a l l  times during s u c c e s s f u l  v e r i f i c a t i o n  
frora e i t h e r  t h e  A o r  B s i d e s ) .  
Under very r ap id  forward l i n k  s i g n a l  f ad ing  cond i t ions  which may occur during 
prelaunch test, t h e  CU Conrmand Reject-No t e l eme t ry  i n d i c a t i o n  could be 
maintained,  u n t i l  s i g n a l  s t r e n g t h  increased t o  the po in t  a t  which the  
transponder c lock  s i g n a l  t o  the CU was reeatnblishcd. If t h a t  a t tua t ic -n  did 
occur, t h e  command coun te r  h a l t  is used as an i n d i c a t i o n  o f  C O ~ ~ M K ~  reject. 
Subsequent t o  t h e  B side r e j e c t i o n ,  and h a l t  of forward lid< cmmim~d 
d i s t r i b u t i o n ,  t h e  command ward i n t r o d u c t i o n  must sgsfn be included i n  t h e  
forward l i n k  t ransmission be fo re  f u r t h e r  commands can be s u c c e s s f u l l y  processed 
by t h e  CU. A t  t h i s  p o i n t  t h e  CU aJ-11 a g a i n  proceed t o  process  commands as 
previously descr ibed wi th  t h e  p r e f e r e n t i a l  s e l e c t i o n  of the A aide.  
I n  surrrmary, a command i s  accepted i f  t he  f i v e  fcl lowing a r e  true: 
1. Receiver i s  in lock.  
2.  Command d e t e c t o r  i n  lock. 
3.  Barker code is good. 
4. Presence s i g n a l  i s  a v a i l a b l e .  
5. Poly Code check i s  good. 
She f u l l  i n t r o d u c t i o n  sequence of 123 b i t s  p l u s  8 b t t  Barker code is not  
uandatory,  b u t  is  p r e f e r r e d  i n  o rde r  t o  a s s u r e  s a t i s f a c t o r y  r e a c q u i s i t i o n  o f  t h e  
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4.2.1.4.2 
The r e t u r n  l i n k  t e l eme t ry  format gene ra t ion  and tePe t r y  data a c q u i s i t i o n  is 
e s t a b l i s h e d  through t h e  CU. The t e l eme t ry  f o n n s t  fs f i x e d  a t  a minor frame 
l e n g t h  of 126-8 b i t  words, and a magor frame l e n g t h  of 128 mtnor frames. S i x  
t a r d e  i n  t h e  minor frame are a v a f l a b l e  €or subcommutation t o  128 word8 
Data rate is c m w n d  s e l e c t a b l e  1, 2 ,  4, 8 ,  16, 32, 64, and 32 K b p s .  Aside from 
8 f i x e d  t e l eme t ry  words, words 0 t o  3 and 64 t o  67), generated and app l i ed  
i n t e r n a l l y  from t h e  CU, 120 minor frame words a r e  a s s ignab le  t o  t h e  teleaztry 
acquired from t h e  RIUs. Assignment of t h e  d a t a  obtained from t h e  spacec ra f t ' s  
RIUe i n t o  t h e  minor frame word l o c a t i o n  can be achieved by any one o r  t h r e e  
(coamsndable) alternates. Two of t h e s e ,  termcxl Format I (Engineering) and 
F o m t  11 (Mission) provide ( d i f f e r e n t )  f i x e d  format assignments by t h e  use of 
P R W  l o c a t e d  i n  t h e  CU. The t h i r d  format is achieved Zn conjunct ion w i t h  t h e  
OBC. Th i s  provides  a f l e x i b l c  fonuat  s ince  t h e  f o p s t ,  s t o r e d  in t h e  OBC 
memories, can be a l t e r e d  v i a  t h e  forward l i n k .  When %he OBC format is used t h e  
t e l eme t ry  addres s  information is routed through t h e  STINT and t o  t h e  CU which 
provides  t h e  c o n t r o l .  
Return Link Telemetry Froa CU 
(esch).  
There a r e  s i x t e e n  pQSitfOnS i n  t h e  d n o ~  F L ~ E  that lrave fixed word sesignnentn.  
Except for these, i t  is possible, by command, t o  eelerrt t h e  dorg,ll node for any 
d n o r  frame word. The selected word w i l l  appear in a l l  of the  remaining 
l a c a t i o n s  (112> ,  wi th  t h e  16 fixe& l o c a t i o n s  r e t u r n i n g  the normally assigned 
te lemetry data. 
The CU assembles t h e  telemetry d a t a  i n t o  an NXZ-L serial d a t a  stream and 
s u p p l i e s  i t  t o  t h e  redundant PKps. The a c t i v e  Gu e l s o  a p p l i e s  redundant 1.024 
MtIz c l o c k  s i g n a l s  d i r e c t l y  t o  t h e  PMPs, which is s e d  w i t h i n  t h e  PMP i n  t h e  
GSTDEJ node a s  t h e  s u b w i r r i e r  f o r  t h e  r e t u r n  l i n k  te lemetry.  The downlink 
te lemetry d a t a  is a l s o  a p p l i e d  t o  t h e  redundant STINTS €or use by t h e  OBC. 
4.1.1.4.3 eU To/From STINT-OBC 
Each CU i n t e r f a c e s  with the  redundant STINTS which supply t h e  acce6s t o  the  
redundant OBCs.  The forward l i n k  s t o r e d  commands and OBC d a t a  a r e  supp l i ed  
d i r e c t l y  from t h e  CU t o  t h e  STINT/OBC. T h e  OBC &.so performs a number o f  
s p a c e c r a f t  f u n c t i o n s  t h a t  are routed through t h e  CU t o  Qhe supe rv i so ry  W S  then 
d i s t r i b u t e d  by t h e  RXU t o  t h e  Landsat-D Subsystem. Referr ing t o  t h e  
Supervisory Line A c t i v i t y  shown i n  the DFCB Voluae 111, the l a t t e r  func t ions  a r e  
a l l o c a t e d  I n  31.25 microsecond s l o t s  as fol lows:  
2 .  R I U  Channel Address '!3/CQmputerused when t c l zmt ' t y  c o n t r o l  by OUC 
i n  effect. 
i c  
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3.  RTU Channel Address Computer-data r eques t  by t h e  OBC f l e x  formet for 
use  in i n t e r n a l  computation 
4. Ground commande s l o t  
As a r e s u l t  of t he  above, r e t u r n  d a t a  is supp l i ed  on t h e  Reply Line, as shown i n  
t h e  DFCB Volume I1 and r e tu rned  t o  t h e  OBC v i a  t h e  CU/STINT. 
The maximum s t o r e d  comrnend rate is 1000 commands pe r  second, i nc lud ing  
approximately 60 d i s c r e t e  commands p e r  second. T h i s  rnaxirrum r a t a  will r e q u i r e  
one command f o r  every  8 of t h e  125 microsecond groups as shown i n  t h e  DFCB 
Volume 1IK (Command). 
The maximum Reply Line d a t a  ra te  is 6 4  Kbps for downlink te lemet ry  and 64 Kbps 
f o r  computer reques ted  d a t a .  Reply l i n e  a c t i v i t y  f o r  t hese  maximum rate6 
r e q u i r e  its t o t a l  c a p a c i t y ,  i . e . ,  bo th  channels  eve ry  125 microseconds as shown 
i n  t h e  DFCB Volume 11 (Telemetry).  
Both t h e  Supervisory and Reply Lines  t r a n s f e r  t h e  informst ion a t  1.024 Nbps. 
The dump d a t a  is obta ined  from t h e  STINT and a p p l i e d  dit-ect1.y co the PEP. 
4.1.1.4.4 CU I n t e r f a c e  t o  KD3 and BCU 
The CU i n t e r f a c e s  wi th  t h e  Mult iplex Data BUS (MDB) which is routed  t o  o t h e r  
s p a c e c r a f t  subsystems. Within the  C&DH Module the  MDB a l s o  i n t e r f s c e s  wi th  t h e  
Bus Contro l  Uni t  (BCU) f o r  a p p l i c a t i o n  t o  t h e  redundant R I U s .  
The a c t i v e  CU s t rppl ies  t h e  Superv isory  Line Message on one o f  t h e  redundant 
l i n e s  ( A  or 8 )  which is  s e l e c t a b l e  by special command. S imi l a r ly  i t  r e c e i v e s  
t h e  Reply Line Message on e i t h e r  l i n e  A o r  8. 
The DFCH provides  the  format d e f i n i t i o n s  f o r  t h e  Superv isory  Line  Message t y p e s  
and t h e  MDB i n t e r f a c e  c h a r a c t e r i s t i c s .  
4 .1.1.4.5 CU-to-CU 
The in t e rconnec t ions  between CU-A and B provide  f o r  ON/STANDBY c o n t r o l .  To 
a c t f v n t e  a g iven  CLJ, s p e c i a l  commends s e n t  by t h e  forward l i n k  a r e  addressed t o  
i t .  Three commands a r e  g e n e r a l l y  requi red .  These are Mate CU OFF 1 ,  Mate CU 
OFF 2 ,  and Self-ON. T h e  f i r n i t  two commands place the. a i t t s r n n t c  c i l  (as&cee?d 
i n i t i a l l y  O N )  i n  t h e  STANDBY mode. D:mi  mate o i f  conmnnds AT%! ~~~~~~~~~r~~ i n  
o rde r  t o  reduce t h e  p r o b a b i l i t y  of i nadve r t en t  CU turn-of f .  
LSD-WPC-263 
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4.1.1.4.6 CU to/from R I U  
The RXU provides  command and te lemet ry  i n t e r f u c e a  to t h e  CU, which are d e s c r i t 2 d  
later.  Add i t iona l ly  bo th  RSU A and B supply Standby vo l t ages  to each  CU. Theb? 
provide f a i l u r e  p r o t e c t i o n  by s t e e r i n g  serial magnitude commands from t h e  
redundant R I U s .  They are a l so  used t o  ene rg ize  t h e  CU h a r d l i n e  te lemet ry  
monitor ou tput .  
4.1.1.4.7 Hardline-to-CU 
A c a p a b i l i t y  is inc luded  i n  t h e  CdDH subsystem t o  o b t a f n  h a r d l i n e  commands to  
CU-A. Three s i g n a l s  are supp l i ed  NRZ-PI d a t a  a t  e i e h e r  125; 1000 o r  2000 bps; a 
1 X  c lock ;  and command presence.  
4.1.1.4.8 CU-SIC Clock 
The CU S/C c lock  is c o n t r o l l e d  by a 4 MHz oscWiator w i t h  s t a b i l  t y  of 2 p a r t s  
i n  10' a t  cons t an t  tempera ture  and a s l o p e  o f  2 p o r t s  in 10 p e r  degree  C.  
Spacecraf t  t i m e  is i nc luded  as 24 b i t s  i n  t h e  r e t u r n  l i n k  te lemet ry .  Maximum 
count  is 200 days  w i t h  1.024 seconds update .  Spacecraft .  time i s  set  t o  z e r o  
when t h e  CU is i n  Standby. The CU cone&ins d l  sigi i i i l ,  tcLemetry and command 
QrOViS?onS f o r  a p p l i c a t i o n  of an external U T  t r a - B t a L l e  o s c i l l a t o r  which is the 
primary s p a c e c r a f t  c l o c k  f o r  Landsat-D The tn te rnr t l  CU S/C c lock  w i l l  be 
s e l e c t e d  on i n i t i a l  power up of t h e  CU.* 
8 
4.1.1.4.8.1 CU-Ultrastable O s c i l l a t o r .  A 4.096 Mwz Ultra S t a b l e  Oscil lator 
w i l l  provide t h e  p r e c i s i o n  master frequency source  to  be used f o r  t iming 
ope ra t ions ,  i nc lud ing  t h e  o p e r a t i o n  o f  t h e  c l o c k  i n  t h e  Instrument Module. T h l s  
Ul t ra -Stab le  O e c l l l a c o r  w i l l  provide t o  t h e  STACC CU two buffered  square  wave 
output  s i g n a l s  o f  4.09600 bMz and telemetr s ta tue; .  The osc i l la tor  frequency 
* s t a b i l i t y  w i l l  be less than-2$ x 10- p e r  day a f t e r  t he  f i r s t  30 days  of 
ope ra t ion  and no t  exceed 5 x 10 p e r  degree  C e l s i u s  ove r  a range of -2OOC t o  
+50°C. A f t e r  i n i t i a l  CU power up t h e  CU w i l l  be comnlnnded t o  a c c e p t  t h i s  Ultra- 
S tab le  O s c i l l a t o r  s f g n s l  and t u r n  o f f  t h e  i n t e r n a l  S/C clock. 
4.1.1.4.9 CU Command Con t ro l  
The CU ha5 provis io i i s  f o r  c o n t r o l  by s p e c i a l  command (see 4.6) and R I U  commands. 
The a r s jgnnen t  of CU s p e c i a l  cmmand is i n d i c a t e d  in Table 4.6-1. The CU is 
a l s o  c o n t r o l l e d  by R I U  serial  magnitude command zero, g iven  i n  Table  4.6-2. 
Both Di A and CU E s h a r e  the sane c o w n d .  T h e  CU n .xs t  be ON In o r d e r  t o  
execute t he  coczmnd-. RIU k and B provide redundfine com~auds t o  each CU. Thore 
are n o  RXU d i s c r e t e  commands. 
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4.1.1.4.10 CU Telemetry Monitors 
A l l  c o n t r o l  commnds ( s p e c i a l  and RIU) t o  t h e  C U s  are provided wi th  t e l e a e t s y  
s t a t u s  monitors  on t h e  r e t u r n  l i n k  te lemet ry  (see 4.7). 
4.1.1.4.11 CU From PCU 
Each CU i s  suppl ied  from cont inuous  DC power on t h e  primary vol tage  bus from the  
PCU. The i n a c t i v e  CU i s  in t h e  s tandby state.  
When t h e  primary bus  vo l t age  is  f i r s t  app l i ed  t o  t h e  module, bo th  CU's w i l l  go 
t o  t h e  Standby s t a t e .  Th i s  w i l l  also occur  if t h e r e  i s  a temporary i n t e r r u p t i o n  
of t h e  bus vo l t age  t o  a n  a c t i v e  CU. Only one CU should be ON a t  a t i m e .  To 
t u r n  a CU ON from t h i s  i n i t i a l  state (both  in STANDBY), a s p e c i a l  command, Se l f -  
On, i s  r equ i r ed ,  addressed  t o  t h e  CU (see DFCB Volume 111, Coxmiand f o r  CU 
address  b i t  As> t h a t  is t o  be turned ON. I f  a c t i v a t i o n  of t h e  alternate CU is 
d e s i r e d ,  t h e  SELF-ON command, addressed t o  t h e  Standby CU, must be preceeded by 
the  Spec ia l  Commands Mate CU OFF 1 and Mate CU OFF 2. This sequence i s  requi red  
so  t h a t  both C U s  are no t  powered ON s imultaneously.  The l a t te r  s i t u a t i o n  is 
undes i rab le  s i n c e  t h e r e  is  p r o b a b i l i t y  (very  low) of inducing a sequcnce (both 
C U s  OFF) w i l l  r e s u l t  in an  i n t e r r u p t i o n  o f  a l l  te lemet ry  and comind  func t ions ,  
inc luding  t h o s e  t o  t h e  OBC. I C  Is desirable t o  h e l t  t he  c m p u t e r ,  before the 
switchover .  A f t e r  CU turn-on, i s  achieved,  t he  CU w i l l  be tinder Format X I  
c o n t r o l  a t  t h e  1 Kbps r e t u r n  l i n k  te lemet ry  rate, us ing  the  Pncernal  o e c i l l a t o r .  
Spec ia l  and/or  R L U  comarands are then  used t o  select the  des i r ed  CU opera t ing  
mode and e x t e r n a l  c l o c k  o s c i l l a t o r  ON. 
4.1.1.5 Remote I n t e r f a c e  Uni t  (RIU) 
The C&DH subsystem components d e r i v e  t h e i r  t e lemet ry  and cornmand func t ions  from 
RIU's .  Telemetry c a p a b i l i t y  i s  doubled by use  of redundant Expander Uni t s  
(EU's). shown 
in Figure  4.1-10 and expla ined  in 4.1.1.6. 
There are mul t ip l e  RIU's l oca t ed  in t h e  va r ious  Landsat-D subsystems, t h e  RLU 
func t ions  are summarized in Figure  4.1-11. 
I n  i t s  f u n c t i o n  as a remote u n i t ,  t h e  R I U  r e c e i v e s  te lemet ry  and command 
i n s t r u c t i o n s  from t h e  CU, and r e t u r n s  te lemet ry  d a t a  t o  the  CU, on the  
Supervisory an3 Reply l i n e s ,  r e spec t ive ly .  The C&DH R I U / E U s  are assigned addres s  
#l so t h a t  t he  CU can  uniquely  addres s  i n s t r u c t i o n s  des t ined  f o r  t h e  C&DH 
conponents. The  R I U / E U  addres s  assignment i s  accomplished by iixternrll wi r ing  of 
an RIU. 
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Figure 4.1-10. R I U  Simplified Elock Diagram 
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The R I U  t o t a l  r e d u n b n t  cormand capabt l i t rp  a l lows  f o r  56 d i s c r e t e  eommnds 
( ine ludea  R I U  SELF O N ,  U T E  OFF and REI)UI?D-M?T OFF) and 8 serial magnitude 
commands. The t o t a l  RIU/EU te lemet ry  c z p a b i l i t y  is  up ta 512 channels.  The 
te lemetry provides  f o r  i , w r  d i f f e r e n t  types of monitors;  b i - l e v e l  (single b i t ) ,  
analog,  condi t ioned analog (pass ive  s o u r c e ) ,  and serial d l g i t a l .  See S e c t i o n  
4.7 f o r  t h e  te lemet ry  assignments  and S e c t i o n  4.6 f o r  Commnd assignments.  
9n a d d i t i o n  t o  t h e  above, t h e  R I U  o u t p u t s  v a r i o u s  sync (word, minor frame and 
major frame) p u l s e s ,  a 1.024 HHz c lock  and DC vol tages .  I n  Landsat-D t h e  DC 
v o l t a g e s  a r e  used by t h e  PCU, STINT, CU and a l t e r n a t e  RIU f o r  var ious  c i r c u i t  
f m c t i o n s .  
4.1.1 .S .1 R I U  Communication To/From CU 
The command and te lemet ry  c o n t r o l  message Formats between t h e  R I U  and CU are 
descr ibed i n  t h e  DFCB Volume I1 and f11. A s  shown i n  Figure 4.1-12 t h e  
redundant R I U s  are p a r a l l e l e d  a c r o s s  t h e  BCU, which i n  t u r n  i n t e r f a c e s  w i t h  t h e  
redundant superv isory  and r e p l y  l i n e s  from t h e  CU. All Landsat-D Subsystem 
versus  R I U  number are shown. 
4.1.1 .S .2  R I U  Command D i s t r i b u t i o n  
Command lsessages d i r e c t e d  to R I U  a d d r e s s  Sl are accepted by t h e  C&DW RXUe and 
d i s t r i b u t e d  t o  t h e  v a r i o u s  C&DH coeponents. Both of t he  redundant Supervisory 
Lines ( A  and B )  a r e  cont inuously monitored by t h e  ItIUs. 
I n  t h e  c a s e  0: d i s c r e t e  commands, r e q u i r i n g  a +28 v o l t  p u l s e  output ,  and a 
ground c l o s u r e  addressed t o  t h e  subsystem component, maximum u s e  is  made i n  
ass'gnment of 3 i s o l a t e d  28 v o l t  sources  contained i n  each RIU.  All of t h e  
prime C&DH components are assigned t o  BUS #I and t h e  remaining subsystems t o  BUS 
#2 through 89. The 28 v o l t  d i s c r e t e  commands are r a t e d  f o r  200 milliamps d r i v e .  
Command d u r a t i o n  is nominally 7 m i l l i s e c o n d s ,  wi th  t iming of switch c l o s u r e  
(ground r e t u r n )  and 28 v o l t  p u l s e  as shown i n  t h e  DFCB Volume 111 (Command). 
S e r i a l  magnitude commands are d i s t r i b u t e d  on t h r e e  l i n e s  (enable ,  c lock  and 
command d a t a )  w i t h  t iming as  shown i n  t h e  DFCB. Commapd l e n g t h  is 16 b i t s  a t  a 
r a t e  of 256 Kbps, NRZ-L. The command c l o c k  is  d i s t r i b u t e d  i n  commDn t o  a l l  
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4.1.1.5.3 U U  Telemetry Acqu i s i t i on  
The RIU/EU accomodates 4 types  of t e lemet ry ;  b i - leve l ,  ana log ,  condi t ioned 
analog and serial d i g i t s 1  (8-bi t  words). Telemetry assignments  f o r  t h e  C&DH 
componcuts are g iven  in S e c t i o n  4.7, Telemetry. The condi t ioned ana log  monitors  
i n t e r f a c e  wi th  p a s s i v e  the rmis to r ,  temperature  monitor ing c i r c u i t s ,  tr. which 
they apply  a cons tan t  1 mil l iamp c u r r e n t  dur ing  t h e  sampling i n t e r v a l .  The RXU- 
ADC conve r t s  t h e  r e s u l t a n t  vo l t age  l e v e l  t o  an  8-b i t  wcrd f o r  r e t u r n  on t h e  
r e p l y  l i n e .  Timing i s  shown in DFCB Volume 11 (Te lece t ry )  Analog s i g n a l  
samples ai-% a l s o  converted t o  8 -b i t  words. Acqu i s l t i on  of t h e  serLal d i g i t s 1  
te lemet ry  i s  accomplished wi th  a 256 Kbps, 8 b i t  c lock ,  d i s t r i b u t e d  t o  t h e  
subsystem component c .  * an & b i t  Eubsystem compment output  v i a  t h e  r e p l y  l i n e .  
Accompanying t h e  s e r i a l  d i g i t a i  c lock  s i g n a l  is an  enable  pu l se  addressed t o  t h e  
p a r t i c u l a r  subsystem component. The b i - leve l  monitore  are reedout  as & b i t  
words. 
I n  a l l  of the  above cases, a te lemet ry  r eques t  t o  t h e  RIU r e s u l t s  ia  t h e  r e t u r n  
on t h e  redudan2:  r e p l y  l i n e s  (A and B) of ar, 8 bit d a t a  word preceeded 3y a 
l ead ing  b i t ,  lobLc ze ro ,  sync  s i g n a l .  Reply l i n e  rate is  1.025 Pfbps, Bi0-L. 
4.1.1.5.4 RIU Sync and Clock 0ittput.s 
The RLUs u t i l l z e  t h e  s i g n a l l i n g  i n f o m a t i o n  on t h e  Supervisory Line  t o  produce 
coherent  sync  and ~ i g n a l s .  Synchroniza t ion  w i t h  t he  Ztlpervi sory  Line fs 
maintaincd a t  a l l  times, independent of ulhether os n o t  t he  R l U  is addre2,sed. 
Outputs are a v a i l a b l e  froin eacl. cf t h e  fo l lowing  sync  s i g n d s ;  major  frame rate, 
minor frame rate ,  and word rate. Each sync  3 igna l  has  a pu l se  d u r a t i o n  of 47 
microseconds. A 1.024 MHz c lock  s i g n a l  i s  a l s o  provided.  
4.1.1.5.5 F t I U  t o  EL' I n t e r f a c e s  
Each R I U  i c t e r f a c e s  wi th  an a s s o c i a t e d  EU mui : ip lexer  ( 2  EU mulr ip lexers  are 
conta ined  i n  an  EU;. An EU mul t ip l exa r  i s  i d e n t i c a l  t o  ea X U  multip1.exer. The 
R I U  provides  t h e  EU w i t h  supply vo l t ages  and t r a n s f e r s  te lemet ry  r eques t s  
rece ived  on t h e  Superv isory  Line - d i r e c t e d  t o  t h e  EU - by means of c lock ,  
address  aad enabl ing  s i g n a l s .  Messages f o r  t h e  EU are i d e n t i f i e d  by 3 b i t s  
( b i t  i 22 t o  24 ,  sLe DFCB Volume 111) i n  t h e  Supervisory Line  message. The EU i s  
i d e n t i f i e d  b (l)8, whi le  t h e  R I U  i s  i d e n t i f i e d  by (o)8. The remaining 
a l l o c a t i o n s  (2) up 
t o  a n  a d d i t i o n a l  6 E U s .  The EU ou tpu t s  e i the ;  an 8 b i t  vord o r  a n  ana lcg  sample 
t o  t h e  KIU - I  response t o  a telenetr;, reques t .  The  RIU-hY i s  used to c ~ n v e r t  
t h e  anaI.ag samples t o  ~n u bit ~ o r d .  The  Y1.U then  s e n d 8  LLC. response rmuil the  
Reply Line. 
t o  (718 are a v a i l a b l e  when t h e  "elemetrg sys t im i s  expended % 
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6.1.1.5.6 NU DC Power 
The t w o  CCDB R I U s  are supp l i ed  cont inuous  DC p o w r  fram the Y W .  %n f n o m l  
operation one d l U  Is OFF CSTAXDRY), whi le  the second u n i t  l o  operating a t  er r&te 
determined by the CU f o m t  f n  e f f e c t .  Nonm11y t h e  OM (STMDBY 2) RIU in the 
C&DH Is expected t o  o p e r a t e  a t  a l o w  duty c y c l e ,  d w u t  1 X .  
6.1.1.5.7 R l U  Data  Flow &nd U p e r a t i o m 1  Desc r ip t ion  
The RIU date  Ilow was desc r ibed  I n  t h e  prev ious  paragraphs.  
bTken t h e  primary bus vo l t age  is f i r s t  app l i ed  t o  t h e  R I U s ,  or when i t  is 
resLored a f t e r  I n t e r r u p t i o n ,  the R l U s  w i l l  assume t h e i r  p r i o r  states. I n  normel 
CCDH o p e r a t i o n ,  one RIU w i l l  be I n  the a c t i v e  s ta te  (ON/Standby a ) ,  and t h e  
ott.er w i l l  be I n  the OFF (STANDBY) s t a t e .  I n  o r d e r  t o  a c t i v a t e  t h e  alterrate 
R I U ,  i t  161 necessary  t o  send two commands t o  the OFF unit. The first l a :  t h e  
Se l f  R I U  Enable (STANDBY 1) (Command 0). 
~ -. --. 
I n  t h i s  =de I t  can i s s u e  d i s c r e t e  commands. Command 63 Is t hen  s e n t ,  which 
a c t i v a t e s  t h e  u n i t  (Standby 2 )  and sLmultaneously d i s a b l e e  the (szlternarte) rnate 
RIU (OFF),  Conreaad 58  provides  a backup OFF cornmarxi t o  t h e  mate X i U .  Once put 
i n  ope ra . lon ,  t h e  RIU Is c o n t r o l l e d  by CU d i r e c t i o n .  
4.1.1.6 Expander Unit (EL!) 
Each AIU con ta ins  B s i n g l e  t e l e m e t r y  m u l t i p l e x e r  c s r p b l e  of r e t r i e v i n g  fou r  
types o f  signal3 from a t o t a l  of 66 i n p u t s ,  r e f e rence  F igu re  4.1-10. A t o t a l  of 
e i g h t  mu l t ip l exe r s  may be used wi th  any g iven  RXU pravld lng  a tnarftaum i npu t  
c a p a b i l i t y  of 512 channels.  The a d d i t i o n a l  t e l eme t ry  m u l t i p l i e r s  are housed I n  
Expender Units.  
6.1.1.7 BUS Coupline Unit  (BCU) 
The coupl ing  be tue in  t h e  XDB and t h e  RIUs is accomplished by Bus Coupling Units. 
These s u f f i c e  t o  provide  c o r r e c t  impedance matching and r e l i a b i l i t y  
c h a r a c t e r i s t i c s .  The coupl ing  provides  both isolation ( t r a n s f o m r - c o u p l i n g )  
and f a i l - s a f e  ( r e s i s t o r s )  f e a t u r e s  f n  I ts  des ign .  Each BCU sccommdatea a 
mrimum of f o u r  RIU's w i t h  t h e  r o t a 1  l e n g t h  of the  s t u b  up to 70 f t .  An R I U  fs 
coupled t o  each l i n e  of t he  bus by means of a t ransformer  coupled s tub .  The 
t ransmiss ion  uedium f o r  the s t u b  is i d e n t i c a l  t o  t h a t  of the  bus l i n e s .  Two 
56-ohm r e s i s t o r s  are connected between the  coupl ing  t ransformer  and t h e  bus. 
The t ransfor iger  separates  t h e  couplirtg resistors f r o 3  t h e  s t u b ,  and hae a tur::lj, 
. r a t f o  of 3 : l  B P  measured from t k e  bus side t o  t l i e  Gtgb .  The i n p u t  Iinlnedanrce o f  
t h e  ICIU is not  l e ~ s  than  ?OD0 ohms a t  B frequency of 1.0211 Mlz. The RIU c01ip3es 
t o  t h e  s t u b  through an i n t e r n a l  t r a r , s f o m e r  w i t h  a t u r n s  r a t i o  of 1:3 8 6  
measured from t h e  s t u b  side t o  the  R I U .  The two s t u b  coupl ing  t ransformers  are 
i d e n t i c a l .  The t ransformer  des ign  is such  t h a t  t h e  bus s i g n a l  saveshapes  are 
-
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l i n e 6  msintaf.ned on t h e  output  s i d e  of  t h e  R I U  t ransformer f o r  t h e  
and on t h e  bus s i d e  of t h e  bus t r a t s f o r m e r  f o r  the reply l i n e s .  
4.1.1.8 Power Condit ioning Unit  (FCU) 
CCDH Subsystem module pose r  I s  der ived  from two v o l t a g e  sources:  t h e  f i r s t  is 
dedicated t o  t h e  resupgly h e a t e r s  only.  The s e c o  ( t h e  primary vo l t age  bus) is 
routed t o  t h e  PCU f o r  d i s t r i b u t i o n  t o  CCDH Subsys colnponents * D i s t r i b u  t i o n  
by the PCU, p l u s  a d e s c r i p t i o n  of o t h e r  func t ions  performed by t h e  PCU follows: 
supe rv f so ry  
A block diagram of t h e  power d i s t r i b u t i o n  is shown i n  Figure 4.1-13. The PCU in 
a d d i t i o n  t o  provlding t h e  primary v o l t w e  bus d i s t r i b u t i o n  inc ludes  t h e  
following : 
1. +28 Volt power bus p r o t e c t i o n  
2 .  4-28 Volt power bus d i s t r i b u t i o n  
3. Computer power cond i t ion ing  and c o n t r o l  
a. +SV + 5% a t  1.0 t o  3.5A 
b. +12W -+ 5% a t  0 t o  1.SA 
c. -51’ + 5% a t  0 t o  0.5A 
d .  Switching f o r  meaories 





5. Redundant o s c i l l a t o r s  f o r  OBC. 
6. Generat ion and d i s t r i l u t i o n  of +?8 v o l t ,  long du ra t ion  drive s i g n a l s  
t o  t h e  RF antenna s v i t c h i n g  r e l a y s .  
7 .  Pul se  s t r e t c h e r s  f o r  high c u r r e n t  r e l a y s .  
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9 .  Redundant computer f a i l u r e  d e t e c t i o n  c i r c u i t s .  
10. Implement redundant ON/OFF c o n t r o l s  € o r  n i s s f o n  pec.u%iar loads  of 2 
amps a t  4-28 v o l t s .  
11. Provide two (2)  non-latching r e l a y s  f o r  h a r d l i n e  CMD Enable. 
4.i.1.8.1 PCU DC Power 
4.1.1.8.1.1 -- OEC Power Su pp1i;s. Redundant power s u p p l i e s  A and B f o r  t h e  
OBC/STINT, d e r i v e  t h e i r  ON OFF c o n t r o l  by l a t c h i n g  r e l a y s .  Each supply i s  
pro tec ted  by redundant f u s e s ,  and a t r i p  c i r c u i t ,  which is a c t i v a t e d  by 
undervol tage ,  overvol tage  o r  over  c u r r e n t .  
Two of t h e  c a u l t  cond i t ions ;  ove rcu r ren t  and undervol tage,  r e s u l t  i n  l a t c h i n g  of 
t he  t r i p  c i r c u i t ,  i .e.,  when t h e  t r i p  c i r c u i t  is a c t i v a t e d ,  t h e  DC/DC conve r t e r  
ou tpu t  vo l t ages  are turned  o f f  and remain o f f  uke the r  or not  t h e  f a u l t  
condi t ions  are subsequent ly  c leared .  To r e s t o r e  ope ra t ion ,  t h e  primary bus 
vol tage  t o  t h e  power supply must f i r s t  be Lisconnectod By sending t he  Power 
Supply OFF command. Th i s  is followcd by t h e  Bower Supply  ON cumand.  hssuqrtg 
t h a t  t he  f a u l t  cond i t ions  are c l e a r e d ,  tile powcr s u p p l y  ope ra t ion  is naw 
res tored.  
An overvol tage  f a u l t  does not  produce l a t c h i n 3  o f  the  t r i p  c i r c u i t .  When the  
f a u l t  is  removed, t h e  power supply DC/DC conve r t e r s  ope ra t ion  is r e s t o r e d  
without  t h e  n e c e s s i t y  of sending any commands. 
Each power supply e n e r g i z e s  an  OBC o s c i l l a t o r  c i r c u i t ,  a computer p r o t e c t i o n  
c i r c u i t  ( t h e  Computer F a i l u r e  De tec to r  p o r t i o n ) ,  and produces regula ted  
secondary vo l t ages  of -65, -5 and 12V f o r  d i s t r i b u t i o n  t o  the  OBC/STXNT. Each 
power supply is dedica ted  ( i . e . ,  A t o  A and B t o  B) t o  an  a s soc ia t ed  o s c i l l a t o r  
c i r c u i t ,  and computer p r o t e c t i o n  c i r c u i t .  Each is also dedica ted  i n  t h e  
d i s t r i b u t i o n  of  +5 Vol t s  t o  t h e  STINT and OBC. The d i s t r i b u t i o n  of OBC memory 
vo l t ages  ( + 5 ,  -5 and +I2 VDC) Cs configured ao t h a t  by command c o n t r o l  e i t h e r  of 
t he  s u p p l i e s  can ene rg ize  011 memories up t o  t h e  maximum of e i g h t .  
4.1.1.8.1.2 DC Power Di s t r ibu t ion .  The primary vo l t sge  bus inpu t  i s  
d i s t r i b u t e d  by z e  Y r T h e  DC vo l t age  is i n  t h e  range of 21.6 t o  35VDc, under 
normal cond i t ions .  ON/OFF swi tch ing  is provided i n t e r n a l l y  i n  t h e  PCU f o r  a 
number of t h e s e  l i n e s ,  o t h e r  l i n e s  provide cont inuous power. These are d lv ided  
i n t o  three categories: !nput vol tage ,  o u t p u t  vo l t age  (28  VDCj and cond-itloned 
secondary o u t p u t  vo l t age  from t he  PCU power s q p l i e s .  
The input  DC vo l tage  inc ludes  t h e  28 VDC (low power) t ransponder  r e c e i v e r  
ha rd i ine  cornnanr! enable .  There a r e  a l s o  redundar.t 9 5  VDC i n p u t s  (from R I U  A and 
B? which a t e  used t o  provide f o r  s i g n a l  cond i t ion ing  of a l l  t e lemet ry  monitors  
i n  t h e  PCU, as w e l l  a s  €or  OBC p ro tec t ion  c i r c u i t  opera t ion .  T h e  sources  are 
LSD-UP C-2 6 3 
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The R I U s '  are fused  on t h e  primary l i n e  s i d e  not fused  wi th in  t h e  CCDH Module. 
(28V). 
Resupply h e a t e r s  are d i r e c t l y  wired v i a  ha rd l ine .  No fuses are used. 
The +28 VDC ou tpu t  l i n e s  are ca t egor i zed  as contfnuous and switched (wi th in  t h e  
PCU) . A l l  l ines  are redundant ly  fused.  The condi  t toned  secondary vo l t age  
ou tpu t s  are ded ica t ed  t o  t h e  r e s p e c t i v e  STINT-OBC. Switching em?loyed €o r  the  
memories is d iscussed  i n  Sec t ion  6.0. 
4.1.1.8.2 PCU Data Flow 
Aside from t h e  Telemetry and Commands and DC vo l t age  d i s t r i b u t i o n ,  t h e r e  are 
t h r e e  PCU o u t p u t s  d e l i v e r i n g  e i t h e r  s i g n a l  o r  c o n t r o l  t o  
These are g iven  i n  Table  4.1-2 and o p e r a t i o n a l l y  descr ibed  i n  Paragraph 4.1.1.2 
and Sec t ton  6 .O . 
e x t e r n a l  components. 
Refer r ing  t o  Table  4.1-2 a d i g i t a l  o s c i l l a t o r  oup tu t  s l g n a l  is  app l i ed  t o  the 
STINT (ded ica t ed -osc i l l a to r  A t o  STINT A, and B to  B). It is a l s o  a p p l i e d  t o  
the  OBC (also ded ica t ed ) .  
The OBC ( p r o t e c t i o n )  clear s i g n a l  i s  also dedica ted .  It is appl ied  t o  the  
STINT, which r o u t e s  i t  t o  the QBC. 
The t ransponder  r e c e i v e r  hard l i i t e  cnmmmd enable output  c i r c u i t  I n  the  PCU is a 
s t r a i g h t  wire that: is shorted d u r t a g  enable {open othcrwise) .  50th r e c e i v e r s  A 
and B are enabled s imul taneous ly  from redundant f eeds ,  by 28V a p p l i c a t i o n  t o  a 
s i n g l e  c o n t r o l  r e l a y  i n  thc  PCU. 
c 
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Table 4.1-2. PCU Outputs 
- -- 
Destination Reuiarks 
Osci lla tor STINT 
( 1 . 8  MRz f o r  LSD) 
! 
I 
O X  Clear STINT 
The STINT condition8 
t h i s  signal and transmits 
i t  to the 0%. 
The STINT provides a 
s t ra ight  wire feed t o  
the OBC. 
Transponder Trans ponder Controls both A&B 
Receiver Receiver Recievers simultaneously 
Hardline 
C o m n d  Enable 
I I 
4.2 PERFORMANCE CAPAEILITIES - 
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Table 4.2-1. CdDH Subsystem SUmmrY 
Funct ion Capab i l i t y  
Lands B t-D 
I m p l a e n  t a t i o n  
Receive Frequency Band 2025-2120 MHz 2106.40625 MzIz 
T r a n s m i t  Frequency Band 2200-2300 MRz 2287.50 MHz 
RF Power 1 ,  2 . 5  o r  5 Watts 5 Watts 
TDRSS Q / I  RF Power R a t i o  1:1 t o  4 : l  4 : l  
Noise F igure  6.0 dE, Nominal SAME 
Coherent Turn Around R a t i o  240/221 SAFE j ( F ~ / F ~ )  
I 
I S-Band Transponder Near Ear th  or GSTDN/TDRSS GSTDMITDRSI; 
I T ransmi t te r  Modulation FDM/PK (STDN) SAW 
Ranging Modulation Side Tone (GSTDN) S -ME 
I SQPSK (TDKSS) j 
i PRN (TDRSS) 
I 
, 
1 Mission Unique (Fused) Dual Redundant S e t s  of TED 
j Continuous Prime Power 7 l i n e s  
I 
' Primary Power Source Line  22-35 VDC 
1 
SAME 
j P r i m e  DC Power D i s t r i b u t i o n  Redundant Fusecl Lines  ShME 
( PCU ) 
, PCU O s c i l l a t o r  Frequency 1.4 t o  1.8 MHz 1.8 MHz 
for OBC 
Accommodates U l t r a s t a b l e  4.096 mz 
I 
1 STACC/CU Externa l  
O s c i l l a t o r  Oscillator 
Missfon Unique Equipment 6 Sq. Ft .  Avai lab le  1 S I C  Ext.  G s c i l l a t o  
2 Tape Recorders cl.ad 
4 Meinories 
I Loca t ion  
L 
LSD-WPC-263 
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Table  4.2-1. C&DR Subsystem Sumary  
- 
Landeat-D 
t unc t ion  Cavabl l i  t y  ImpPemen t a t  l o a  
OBC Memories 
( 8 K  words each)  
PMP Data Handling 
TDRSS Ground Command 
B i t  Races 




Command Word Length 
Real Time Command Ra te  
Stored Command Rate  
S e r i a l  Magnitude 
Discrete 
Stored Commands (Data 
Dependent or Time Tagged) 
4 t o  8 
Provides  FDPI of 2 
Se lec ted  Data Streams 
SVS-10266 
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Converslon NRZ-L Data 
to NRZ-M, Big-M, Bi%-L 
1 /2  Rate Convolut ional  
Encoding (TDRSSj 
Two of fol lowing:  
1,000, 500, 250, 125 bpi? 
2,000 bps 
N E - I 1  
16 KHz s u b c a r r i e r  (GSTDN) 
PRN at 3 VCPS (TDRSS) 
PN Codes 1 t o  85 
48 b i t s  ( i n c l u d e s  7 b i t  
polynominal check 
41  pe r  sec max. 
( a t  2 KBps) 
1000 p e r  sec max 
(Combined a e r .  Mag and 
Discrete) 
1.000 pe r  sec max. 
60 p e r  second m x .  
Via NSSC-1 OBC 
b 
SAME 
125 and 1,000 bps 
SAME 
PN Code 2 (LSD) 
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Table 4.2-2. C&DH Subsystem Summary 
Telemetry Rates  
Funct ion Capab i l i t y  
Landskt-D 
Implementation 
Telemetry Format Cont ro l  
STACC R I U / E U  Telemetry 
NSSC-1 Compeer Dump 
Downlink Telemetry Rates  
Data Piul t iplex Bus 
64 Discrete 
8 (16 B i t )  S e r i a l  D i g i t a l  
16 (Ground Closures)  
1 t o  6 4  Kbps (Commandable 
i- b ina ry  s t e p s )  
-Word Length 8 b i t s  
-Minor Frame 128 words 
-Major Frame 128 Minor 
-Sync I?ord 24 B i t s  
-Subeonnutation 6 Mords 
Fr€lnes 
x 128 
-F ixsd  Fosrtlet I 
-Fixed F o m t  I1 
-Via OBC ( F l e x i b l e )  
-Via STACC CU ( F l e x i b l e )  
-64 Telemetry Channels 
-16 S e r i a l  D i g i t a l  Max. 
-16 Conditioned Analog 
-64 Bfleve l  Max. 
-64 Analog Max. 
For each R I U  o r  EU 
Apportioned to :  
Max. 
1 Kbps o r  32 Kbps by 
Command 
-Redundant Supervl sory  and 
- I so l a t ed  From R I U / Z C  
Reply Lbneo 
By STACC BCU 
SAME 
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Tab le  4.2-1. CCDH Subsystem Summary 
Funct ion  C a p a b i l i t y  
Landsat-f) 
Implement a t  i o n  
STACC R I U  Output S i g n a l s  -1.024 MHz Clock 
-Minor Frame Sync 
-Word Rate 
Other  Than Commands -Major Frame Sync SAME 
E x t e r n a l  Telemetry Analog o r  Biphase D i g i t a l  D i g i t a l  Feed 
Up t O  2.048 MbpS A v a i l a b l e  a t  Module 
I n t e r f a c e  Connector  
Hard l ine  Monitors  -STAN CU Telemetry SAKE 
-STACC STINT (OBC) 
Spacecraft Address Various (7  b i t s )  LSB CDR S/N 2 
(156) 
* (073) 
ZSD aR&e CDB S/N 4 
:.pare C ~ H  S/N 3 
= (19318 
STACC/CU Frame Synch Var ious  (24 b i t s )  7654714408 
Code 
x 
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4 . 3  MODES OF OPERATION --
4 . 3 . 1  RF ANTENNA AND SWITCH MODES 
4 . 3 . 1 . 1  W Switch Operat ing Modes 
The f eed  c i r c u i t s ,  r e s u l t i n g  from t h e  t h r e e  RF conf igu ra t ions  (I, 11 and 111) 
are shown r e s p e c t i v e l y  i n  t h e  block diagrams of Figures  4.3-1 through 4 . 3 - 3 .  
The r e c e i v e  and t r a n s m i t  pa ths  f o r  each t ransponder  are obvious from t h e  
diagrams. The d i p l e x e r  is terminated i r i  59 o h s  through t h e  r e l a y s  when t h e  
a s s o c i a t e d  t r a n s m i t t e r  i s  app l i ed  t o  t h e  hrgk g a i n  po r t .  Note t h a t  w' 38 both 
t r a n s m i t t e r s  are i n  t h e  Ornni p o s i t i o n ,  t h e  high g a i n  port is terminated wi th  50 
ohms, as shown i n  F igu re  4.3-4. 
With a t r a n s d t t e r  RF power r a t i n g  of 5 wat t s  2 1  dB, ou tpu t  power l e v e l s  are 
g r e a t e r  
The RF switches are r a t e d  t o  a l l o w  switching w i t h  t h e  t r a n s m i t t e r  ON. However, 
t h e  o p e r a t i o n a l  procedure should turn-off t h e  t r a n s d E t e r  be fo re  switching t o  
a s s u r e  t h a t  a r c i n g  does not  occur o r  subsequent damage %a t h e  swi t ch  may occur. 
4 . 3  - 2  TRANSPONDER OPERATING MODES 
-- 
t han  3 . 2  and 3 - 5  w a t t s  f o r  t h e  o m i  and high gain p o r t s ,  r e spec t ive ly .  
Th i s  s e c t i o n  is organized i n t o  subsec t ions  which reflecs t h e  two b a s i c  o p e r a t i n g  
nodes of t h e  t ransponder:  
1. GSTDN MODE 
Receives (Forward Link,) 
Transmit (Return Link) 
2. TDRSS MODE 
Receiver (Forward Link) 
T r a s m i t  (Return Link) 
When t h e  t ransponder  i d  f i r s t  powered up, o r  where t h e r e  2s a i n t e r r u p t i o n  of 
power, t h e  forward and r e t u r n  l i n k s  involve d a t a  rates; and modulation i n d i c e s  
which are a f u n c t i o n  oE t h e  c o n f i g u r a t i o n  which t h e  trnmsponder au tomat i ca l ly  
assumes. I n t e r r u p t i o n  of t he  t r a n s m i t t e r  prime p0-r does no t  change t h e  
configurat ion.)  
x 
LSD-hTC-263 
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Upon in i t ia l  DC a p p l i c a t i o n  or a f t e r  temporary d i s r u p t i o n ,  t h e  r e c e i v e r  w i l l  be 
i n  the dual  DO& and Low TDBSS command rate, i . e . ,  forward l i n k  GSTRN r ecep t ion  
a t  2 K b p ~  o r  TLBSS at I25 bps. The t r a n o n i t t e r  w i l l  be QFF wLth the node states 
ind iGt , ed  befou. 
Wode 
Modulation Index 
Te lene t ry  Inpu t s :  
STDN 1 and 2 
Ranging Channel 
- STDN - LOW 
- OFF - Disabled  
Automatic T ransmi t t e r  ON: - I n h i b i t e d  
Ove r r i d e  - Allowed 
A u t o m t i c  AUX OSC t o  VCO - Allowed ------
The t ranspondcr  can  be commanded i n t o  e i t h e r  t h e  TDRSS o r  GSTDN =de as 
required. Only one t r a r . s r & t t e r  should be powered tit 6% tioaz. Xn t h e  GSTD?! nude, 
a low modulation index Ls used wnen t h e  B/T telm~tz-y &:a is accowanied by 
rangir? (mode A of t h e  PMP). ALI other  PPfP GSTZ?% modes require h igh  modulation 
index. 
4 . 3 . 2  .I GSTDY Xode 
There are two commandable s t a t e s  of t h e  t ransponder  which r e s u l t  i n  t h e  use  of 
two d i f f e r e n t  a c q u i s i t i o n  th re sho ld  values. :he s t a t e s  are: 
I___ -- 
1 - Dual GSTDNjTDRSS Acqu i s i t i on  
2.  Commanded GSTDM only 
I n  t h e  dual GSTDNfTDRSS Acqu i s i t i on  s t a t e ,  the r e c e i v e r  looks for t h e  





t o  G S Z S  s i g n a l  
n Ed 
t o  TDBSS s i g n a l  
h 
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I n  o t h e r  words, t h e  f i r s t  criteria f o r  locking  o n t o  t h e  a p p r o p r i a t e  GSTDN or 
TDRSS s i g n a l  i s  based upon power l e v e l  o:sly. Note t h a t  t h e  area between -95 to  
-110 dBm (15 G 6 5  range) i s  a son-useable  a r e a  i . e .  t h e  r e l v e r  does not lock up 
t o  e i t h e r  mode. A f t e r  lock  up i n  a given  mode (TORSS or  TDN), t h e  mode remains 
unchanged even down t o  -130 dBm. 
The GSTDN ground s t a t i o n  s i g n a l  i s  swept i n  f requency about  t h e  nominal rest 
frequency of t h e  t ransponder  r e c e i v e r  which a c q u i r e s  and t r a c k s  t h e  ground 
s t a t i o n  s i g n a l .  
It should be noted that t h e r e  is no TDRSS only mode a5 is t h e  case f o r  GSTDN. 
The i n p u t s  t o  t h e  t ransponder  are command c o n t r o l l a b l e .  The ON/OFF c o n t r o l  of 
t h e  te lemet ry  channels  and modulation index are accomplished by b i t  
c o n f i g u r a t i o n  w i t h i n  a 16 b i t  serial  d i g i t a l  command word. The r e c e i v e r s  are 
always powered. The t r a n s m i t t e r  prime power i s  c o n t r o l l e d  by a d i s c r e t e  command 
to  t h e  PCU, hoiaever, t h e  OPI/OFF s ta te  shoilld be c o n t r o l l e d  by t ransponder  s e r f s 1  
d i g i t a l  commands. Command states are covered i n  S e c t i o n  4 . 6 .  
I n  t h e  GSTDN Mode, t h e  forward l i n k  is d e t e c t e d  by t h e  command d e t e c t o r  k n i t  at 
t h e  2 KBps Command d a t a  r a t e  which is d e l i v e r e d  a long  wi th  c lock  t iming,  and a 
"inlock" s i g n a l  EO t h e  Central. Unit (CU) f o e  processing.  GS'L?)N 2 Kbps comwi:d 
rate is  f i x e d  and i s  not  connand selectable. 
The r e t u r n  l i n k  can c o n t a i n  earher the spacecraf t :  k/*r te lemet ry  only,  GF both 
t h e  R/T Telemetry and High Rate Chnnnel Data. %oth, i f  present, acd s e l e c t e d  by 
t h e  Pplp S e r i a l  Magnitude ( d i g i t a l )  command, are summfld t o g e t h e r  fn t h e  PMP and 
are re layed  o v e r  a l i n e  (STI)N #1) eo t h e  t ransponder .  
Note that STDN 82 t e lemet ry  output  from t h e  PMP' i s  n o t  used. 
The TDRSS f t n c t i o n s  of t h e  Modulator are completely d isab led  a u t o m a t i c a l l y  i n  
t h e  GSTDN Mode. 
4.3.2.2 TDRSS Mode --
The r e c e p t i o n  of the  TDRSS s i g n a l  i s  i n i t i a t e d  i n  t h e  range of -110 dBm t o  -135 
dB5 t o  t h e  r e c e i v e r .  I n  o r d e r  t o  begin commanding o r  ranging,  t h e  PN o r  Gold 
Code a c q u i s i t i o n  must be completed. 
The r e c e i v e r  mst f i r s t  complete t h e  s h o r t  PN code a c q u i s i t i o n ,  then  t h e  long PN 
code a c q u i s i t i o n  can  begin. 
4 . 3 . 2 . 2 . 1  TDRSS Mode Acquis i t ion  S t a t e s  
As shown i n  F igure  4.3-5, t h e r e  are 1 ,023  c h i p s  t o  t h e  shore  PN code snd 261,888 
(1023 x 256) c h i p s  t o  t h e  long PN code. The PN code r a t e  received i s  3.07 
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To acqu i re  t h e  s h o r t  PN code i t  t a k e s  approximately 20-25 seconds to r e c e i v e  and 
lock  on to  t h e  e n t i r e  code wi th  about  90% confidence.  On t h e  average t h e  
a c q u i s i t i o n  time is s h o r t e r .  It t akes  about  5 ~ e c o n d s  t o  acqu i re  t h e  carnie- 
s i g n a l  level. and LO seconds t o  acqu i r e  t h e  PN code for a t o t a l  of  15 seconds. 
Once t h e  s h o r t  PN code i s  recognized,  commanding can  begin. 
The long  PN code w i l l  be locked on to  us ing  t h e  s h o r t  PN code which t a k e s  
approximately 10 seconds. Hence, i t  t a k e s  a t o t a l  o f  approximately 25-30 seconds 
t o  acqu i r e  t h e  TCRSS s i g n a l  be fo re  ranging  c a n  begin. 
Af t e r  t h e  r e c e i v e r  acqui red  a long code, and i t  can  acqu i re  a s h i f t e d  long  code, 
which is 2 c h i p s  away froro c u r r e n t  ch ip ,  then  t h e  r e c e i v e r  breaks  lock  and 
starts over. A m u l t i  pa th  is presen t  by d e f i n i t i o n ,  m l t i  pa ths  are p o s s i b l e  
e s p e c i a l l y  when t h e  l i n e  of s i g h t  between t h e  TDRSS and Landsat-D s p a c e c r a f t s  is 
nea r  the  e a r t h s  hor izon  over  water. 
The Command Detec tor  i n  t h e  TDRSS Transpmder  is commarnded t o  o p e r a t e  I n  e i t h e r  
t h e  125 Bps o r  1 Kbps b i t  rate. The command b i t  rates a r e  c o n t r o l l e d  by b i t s  
C12 and C13 of t he  Transponder 16-b i t  ser ia l  d i g i t a l  command. There is no 
commandable command b i t  r a t e  f o r  t h e  GSTDN. 
The most l i k e l y  arrangement f o r  command b i t  r a t e s  is t o  have r e c e i v e r  A i n  t h e  
125 BPS conf igu ra t ion  and r e c e i v e r  D i n  t h e  1 W P S  coxf igu ra t ion  o r  v i c e  ves6a. 
This  a s s u r e s  t h a t  t h e  command sLgnal via TDPSS w i l l  b2 received r e g a r d l e s s  OE 
e i t h e r  conmand rate.  
I t  should a l s o  be noted t h a t  t h e  Command Detec tor  Uni t  w i l l  au tomat i ca l ly  swi t ch  
t o  t h e  2 KBPS Command b i t  rate when the  GSTDN S i g n a l  has  been s e l e c t e d .  
Therefore ,  t h e  2 KBPS command b i t  rate is not  a c o n t r o l l e d  i t e m  v i a  ground 
command. 
I n  t h e  TDRSS Mode, t h e  r e t u r n  l i n k  te lemet ry  channels  f o r  t h e  Mul t ip l e  : . .CCSS 
(MA) and t h e  S-Band S ing le  Access (SSA) t r a n s m i t t e r s  are i d e n t i c a l  except  f o r  
the  bandwidth of t he  modulator f i l t e r :  




12  MHZ 
Two i n p u t  channels from t h e  PM? t o  t h e  t r a n s m i t t e r  are provided a s :  
Channe 1 Desc r ip t ion  
I I Channel (In-Phase) 
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The r e l a t i v e  power ratio of Q channel  t o  t h e  I Channel ks p r e s e t  (See Data 
Format L o n t r o l  Book Volume 11 Telemetry). By serial d i g i t a l  comand ( B i t s  Cl,, 
C and C , t h e  two channels  t o  t h e  modulators can be d isab led /enabled  :n either orL%:th Z and Q channels  i d e p e n d a n t f y .  
The GSTDH f u n c t i o n s  of t h e  modulator are completely d i s a b l e d  o u t o m t i c a l l y  i n  
t h e  TDRSS Mode. 
For a d e t a i l e d  d e f i n i t i o n  of t h e  TDRSS s i g n a l  s t r u c t u r e  and o p e r a t i n g  modes, 
r e f e r  to "Tracking and Data Relay S a t e l l i t e  Syatem User's Guide", STDN No. 
101.2, Revis ion 3, da ted  January 1978. 
The T r a n s m i t t e r ( s )  can  also be c o n t r o l l e d  t o  come ON a u t o m a t i c a l l y  ( B i t s  C 
d R S S ) .  
i n  Lhe absence of  a n  u p l i n k  s i g n a l .  
) by serial d i g i t a l  command once a n  u p l i n k  s i g n a l  is d e t e c t e d  ( G S d 8  o r  
It should be noted that once t h e  t r a n s m i t t e r  comes ON, i t  s t a y s  ON even 
It must be commanded OFF. 
4.3.3 PMP OPERATING NODES 
The b a s i c  modes a v a i l a b l e  and t h e  c o n f i g u r a t i o n  of t h e  PMP swi tches  necessery  
f o r  mode s e l e c t i o n  are shown i n  F igure  4.3-4 and l i s t e d  i n  Table 4.3-1. The 
mode s w i t c h i n g  i n c l u d e s  automatic  l e v e l  s e t t i n g  f o r  t h e  two STDN output  s i g n a l s  
t o  ensure  t h e  p rope r  phase modulation indexes for each s i g n a l  i n  t h e  S1DN 
transponder.  Options are provided off t h e  b a s i c  modes t o  allow convolueional  
encoding of real t i n e  d a t a  (switch S2), c3mvolutionaI encoding of OBC Dmp, FinTlC 
Playback, PCD (swi tch  S9), s e l e c t i o n  of r e a l  time tcierzetry i n p u t  A o r  9 (sbritch 
SI), s e l e c t i o n  of STXPJT inpue A or B ( swi tch  S 7 ) ,  and se lec t ion  o f  t ranspccder  
output  A or B ( swi tch  S 6 ) .  Addi t iona l ,  r e a l  t i m e  ou tput  t o  tape  can be 
s e l e c t e d ,  and a r e a l  t i m e ,  STImT, or TAPE Hardl ine Output can be s e l e c t e d  
(switches S15 and S16). The TAPE and Hardl ine  Outputs  s h a l l  be turned on/off  
through c o n t r o l  of power t o  t h e  output  a m p l i f i e r s .  The mode o u t p u t s  s h a l l  be 
turned ON/OFF through c o n t r o l  of power t o  t h e  STDN and TDRSS output  a m p l i f i e r s .  
This  method s h a l l  a l low t h e  provis ion  of TAPE and Hardl ine  Outputs 






Tab le  4 . 3 - 1 .  PMP-Transponder Modes of Opera t ion  
DATA 
HODE DATA SOURCE DATA RATE PIODUEATLON FO RWAT 
A Realtime Telemet ry  1 or 8 Khpn PSK on 1.024 Mflz 
S i n s u o i d a l  S u b c a r r i e r  
(PSK/PM) 
G 
S B Realtime Telemetry P l u s  1 o r  8 Kbps Same as A 
T 
D OBC Dump 32 Kbps PM o r  Carrier 
N 
C Realtime Telemetry P l u s  1 or  8 Kbps Same As A 
_-------------------________I 
NBTR Playback 256 Kbps PM on Carrier 
D Realtime Telemetry P l u s  1 o r  8 Kbps Same As A ------------------------__-- 
Payload C o r r e c t i o n  Data 32 Kbpo PM on Carrier 
E Rea l the  Telemetry 1 o r  8 Kbps SQ PNJQPSK 
Uata PN Encoded 
I 
T G Realtime Telemetry P l u s  1 o r  8 Kbps Same as F 
D 
R OBC Dump 32 Kbps 
S 
S H Realcime Telemetry P l u s  1 o r  8 Kbps Sane as F 
----------- 
-------------- 
NBTR Playback 128 Kbps 
I Realtime Telemetry P l u s  I o r  a Kbps Same a8 F 
Payload C o r r e c t i o n  Data 32 Kbps 
c 
LSD-WPC-263 
4 - 5 3  
SVS-10266 
31 December 1981 
4 .3 .3 .1  PMP Input  S igna l s  
S igna l  i npu te  t o  each PMP are: 
1. Real t i m e  NRZ-L d a t a  and r equ i r ed  c l o c k s  frrtm e i t h e r  of two SThCC Cues 
w i t h  rates command s e l e c t a b l e  from 1 t o  64  Kbps. 
32 Kbps computer memory NRZ-L d a t a  and r equ i r ed  c l o c k s  from e i t h e r  2.  of 
two STACC STINTS. 
3 .  NRZ-L playback from a n  NTBR dedica ted  t o  t h e  PP, .  Recorders w i l l  be 
capable  of provid ing  NRZ-L d a t a ,  b i t  rate clock: and two times b i t  rate 
c locks  i n  playback mode. 
32 Kbps NRZ-L Payload Cor rec t ion  d a t a  from t h e  PCD Mux i n  PCU. 4. 
4 -3 .3 .2  PMP S e l e c t a b l e  Modes - 
The Landsat-D PMP i s  capable  of ope ra t ing  i n  any one of 8 p o s s i b l e  command 
s e l e c t a b l e  d a t a  modes t o  t h e  t r a n s m i t t e r  p o r t i o n  of redundant t ransponders .  
Data v i a  GSTDN is realtime PSK d a t a  on a s u b c a r r i e r  a lone  o r  summed wi th  
s e l e c t e d  high ra te  channel  d a t a  d i r e c t l y  on t h e  carrier. The conposite s igna l  
w i l l  be phase modulated on  t h e  S-band carrier w i t h i n  the transpondex. The four 
GSTDN d a t a  modx are: 
Mode A .  Realtime biphase-S d a t e  phase s h i f t  keyed on a 1.024 x lo6 Hz 
s u b c a r r i e r .  
Mode B.  Same a s  Mode A w i t h  a d d i t i o n  of  biphase-S On-Board computer memory 
dump. 
Mode C. Same as Mode A wi th  NRZ-L NBTR Playback da ta .  Playback d a t a  w i l l  be 
256 Kbps. 
Mode D.  Same as Mode A wi th  NRZ-L Payload c o r r e c t i o n  da ta .  
Data v i a  TDRSS is real t i m e  a lone  o r  combined wi th  s e l e c t e d  h igh  rate channel  
d a t a  i n  t h e  a p p r o p r i a t e  TDRSS quadri-phase d i g i t a l  d a t a  mode. The f o u r  TDRSS 
d a t a  nodes are: 
Mode F. Realtime NRZ-M d a t a  on p a r a l l e l  ou tpu t  l i n e s  f o r  t h e  I and Q channels  
of the TDRSS t ransponder .  Data can be one-hslf encoded. 
Mode G . Realtime N U - H  d a t a  on t h e  I channel  and WRZ-M on board computer 
Both d a t a  streams can be rate one h a l f  nemory 
encoded. 
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Mode H. 
Mode I. 
Same as Mode G except  NBTR playback d a t a  on t h e  Q channel. 
Same as Mode C except  payload c o r r e c t i o n  d a t a  on the  Q channel. 
The ou tpu t  modes are mutual ly  exc lus ive .  To conserve power, i n t e r f a c e  c i r c u i t s  
are turned OFf when not  i n  use. Mode s e l e c t i o n  w i l l  be v i a  serial  magnitude 
command. 
4 . 3 . 3 . 3  PMP Hardl ine  and NBTR Ourput - --
Data on these  l i n e s  is command s e l e c t a b l e  real t i m e  t e lemet ry  o r  High Rate  
Channel Data. The h a r d l i n e  output  i s  a v a i l a b l e  s imultaneously wi th  e i t h e r  t h e  
TDRS? o r  STDN mode. Output t o  t h e  t ape  recorder 's  record a m p l i f i e r  c o n s i s t s  of  
NRZ-L d a t a  and LX clock. 
4 . 3 . 4  SPACC CU MODES OF OPERATION 
The modes of Opera t ion  f o r  t he  STACC Cen t ra l  Unit  are summarized a s  fol lows:  
1. 
2 .  
3 .  
4 .  
5 .  




S e l f  On 
Forna t 1 (Engineer ing)  
Format XI (Mission)  
OBC Cont ro l led  Format 
D w e l l  
Computer Dump 
STACC CU OffIStandby Mode --
The CU OFF/Standby mode i s  only en te re -  o r  e x i t e d  by the  special commands s e n t  
from the  Ground. The CU can process  spec ia l  commands i n  t h e  OFF/STANDBY Mode. 
4.3.4.2 SELF-ON Mode -
T h i s  mode of t he  CU i s  entered  and e x i t e d  on ly  by t h e  ground i n i t i a t e d  s p e c i a l  
cornmnnds. The I n i t i a l  Fower O N  c o n d i t i o n  selects  the  i n t e r n e l  osciJ  I s ~ o r  
( c x t e r n a l  u l t r a - s t a b l e  must: be commandcd OK) znd cngineer icg  format P U J %  ~t 1 
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4.3.4.3 Format I Mode (Engineer ing)  
IF. t h i s  mode of o p e r a t i o i ,  t h e  CU i s  c o n s t r u c t i n g  the format  of t h e  r e t u r n  l i n k  
te lemet ry  f r o =  PROM One. rhe f o m t  i s  independent of t h e  te lemet ry  rate,  
however, i t  is t r a n s d t t e d  a t  t h e  8 KBPS on-orbi t  normal te lemet ry  rate (sea t h e  
DFCB, Volume 11, (Telemetry). The format  is i n i t i a t e d  by a STACC CU S e r i a l  
mag,iitude command z e r o  t o  R I U  #1 i n  t h e  C&DH Subsystem ( b i t s  13 and 1 4 ) .  
4 . 3 . 4 . 4  STACC CU Format I1 Mode (Mission) 
I n  t h i s  mode of o p e r a t i o n ,  t h e  CU i s  c o n s t r u c t i n g  t h e  format  of t h e  r e t u r n  l i n k  
te lemet ry  from PROM two. Format 11 i s  independent of te lemet ry  rate, however, 
i t  i s  normally t r ansmi t t ed  a t  8 kbps. (See t h e  DFCB Volume 11, (Telemetry). 
This format  is i n i t i a t e d  in t h e  same manner as format I above. 
4.3.4.6 STACC CU OBC Cont ro l led  Format Mode 
The OBC c o n t r o l l e d  format  provides  8 f l e x i b l e  means to  c o n t r o l  telemetry from 
the  OBC memory which i s  updateable  by ground command. (See t h e  DFCB, Volume 11, 
TeLemetry.) Th i s  format  i s  i n i t i a t e d  i n  t h e  same manner as Format I above. 
----- 
---
4.3.4.7 STACC CU he l l .  Mode -- I__ -
I n  t h e  D w e l l  Made, t h e  ninor  frame words i d e n t i f i e d  by grocnd commnd (RXU $1 
Command 0) b i t s  5 through 1 1 ,  def ines  t h e  Plinor Franle word t o  be repeatec! i n  t h e  
te lemtry  E o m c  excep t  f o r  t he  16 f i x e d  words. This  RO& i s  entered by STACC CU 
s e r i a l  magnitude command. 
4 . 3 . 4 . 8  STACC CU Computer Mode 
During t h i s  mode, t h e  CU r ece ives  the  d a t a  (memory) v i a  t h e  STINT and passes  i t  
t o  t h e  Pre-Modulator Processor  (PMP). A unique format  i s  t r a n s m i t t e d  over  t h e  
e x t r a  channel  from t h e  PKP t o  t h e  t ransponders .  (See the DFCB, Volume 11 
Telemetry f o r  t h e  format . )  The dump i s  s e t  up  by a Spec ia l  Command t o  R I U  P0 
f o r  a daca r a t e  of  L o r  32 U P S .  Subsequent ly ,  a p a i r  of  OBC Execut ive Request 
Commands (Software Con t ro l l ed  dump) o r  hardware commands (CLEAR, SELECT FIXED 
BANK, DUXP FIXED BAIiK) as words f o r  t h e  computer w i l l .  i n i t i a t e  t h e  OBC Dump. 
Four cop ie s  of t h e  dump a r e  s e n t .  concur ren t ly  
wi th  the  dwel l ,  Format 1/11 or  GBC c o n t r o l l e d  format modes. 
-- -
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4.3.5 RIU MODES OF OPERATION 
An R I U  has three modes of operar ion:  
1. OFF 
2. STANDBY 1 
3 .  STANDBY 2 
4.3.5.1 O f f  - I 
I n  t h i s  mode of o p e r a t i o n ,  t h e  R I U  w i l l  n o t  provide t e l eme t ryo  Frame and Word 
Rate Sync, c lock (1.024 MWZ) nor  process  ser ia l  magnitude commands and Discrete 
Commands (1-63). I t  w i l l  however p rocess  d i s c r e t e  comrnand zero ( a c t i v a t i o n  of 
STANDBY 1 or SELF ON). 
4.3.5.2 STAh’DBY 1 - 
In  STANDBY 1 rcode, t h e  RIU can process d i s c r e r e  commands 1 through 63 b u t  cenrtot 
process serial magnitude corimands. 
excep t  t h a t  6 i s c r e t e  conminds (1-63) will be processed when r ece ived .  
I+ i s  essent i : t l ly  i d e n t i c a l  t o  OFF (above) 
4.3.5.3 STANDBY 2 
To 
i t  i n  STANDBY 2 and t u r n s  t h e  MATE OFF. 
- 
i n i t i a t e  t h i s  mode, RIU A o r  B w i l l  process  d i s c r e t e  comrnand 6.3 which p l aces  
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4.3.6 PCU NODES OF OPER4TION 
E s s e n t i a l l y  t h e  PCU provides  cont tnuous,  dedica ted  o r  switched ou tpu t  
t h e  CLDE subsystem as  sumnarized as fol lows:  
power t o  
Des t i n a t i o n  me 
Unregulated 
Transponder Receiver A 
Transponder Receiver f) 
R.F. Switch #1 







Transponder Transmi tter-A 
Transponder Transmi tter-I3 
R.F. Switch BUS-A 
R.F. Switch BUS-B 
Module Heater $1 




Condi t ioned  STINT B 
Memories 
- Continuous - Continuous - Continuous - Continuous - Continuous - Continuous - Continuous - Continuous - Continuous - Continuous - Switched - Switched - Switched - Switched - Svitct-,ed - Switched - Continuous - Continiious - Dedicated - Dedicratcd - Switched 
The f o u r  areas o€ PCU ope ra t ion  are as fol lows:  Switched primary vo l t age  
d i s t r i b u t i o n ,  t ransponder  r e c e i v e r  h a r d l i n e  command enab le ,  power supply,  OBC 
func t ions ,  and r e t s o r a t i o n  of computer ope ra t ion  subsequent t o  an  overvol tage ,  
ove rcu r ren t  o r  undervol tage  f a u l t .  
4 . 3 . 6  .'I Switched D i s t r i b u t i o n  
Switched ( enab le /d i sab le )  power l i n e s  are provided t o  t h e  t ransponder  
transmitters and Module Heaters .  I n  t h e  case of t r a n s m i t t e r s ,  power on-off is 
c o n t r o l l e d  by commands d i r e c t l y  t o  t h e  i n d i v i d u a l  t r a n s m i t t e r s .  Power t o  t h e  
Module Heaters  is c o n t r o l l e d  by thermosta t  l oca t ed  f n  t h e  h e a t e r  v i c i n i t y .  
The RF Switches can  be opera ted  e i t h e r  f r o m  t h e  Bus Select A or the  Uus Select B 
pos i t i on .  ?he Bus S e l x t  A p o s i t i o n  must be used when OpcPating w i t h  RXZI-A, and 
t h e  13 p o s i t i o n  w i t h  R I J - 3 .  
L SD-WPC- 2 6 3 
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4 . 3 . 6 . 2  
The Transponder Receiver  Hardl ine Cornand Enable f u n c t i o n  i s  obtained €or both A 
and B u n i t s  by a p p l i c a t i o n  of a s ing ie  28, v o l t  source (Figure 4.1-13). Since 
r e l a y s  i n  t h e  PCU are non-latching, t h e  28V controS- must be rmirrrrained d u r i a g  
t h e  e n t i r e  command time dura t ion .  
4 . 3 . 6 . 3  OBC Power Supp l i e s  
I n  o p e r a t i n g  t h e  OBC-power s u p p l i e s ,  cau t ion  must be exe rc i sed  t o  prevent  darnage 
t o  t h e  memories o r  r e l a y s ,  by v e r i f y i n g  t h a t  t he  power s u p p l i e s  are o f f  before  
any swi t ch ing  of memories is at tempted.  Add i t iona l ly  only one ( e i t h e r  A o r  B) of 
t h e  power s u p p l i e s  should be ON a t  a t i m e .  
Transponder Receiver  Hardl ine Command Enable 
-- 
I n  conf igu r ing  t h e  memories t o  t h e  ON s ta te  t h e r e  are two i d t i a l  cond i t ions  to 
be set  p r i o r  t o  power supp ly  turn-on. A f t e r  dec id ing  which memories w i l l  be 
a c t i v a t e d  and which power supply w i l l  be used, proceed by sending t h e  Memory 
Power Supply S e l e c t  Commands, e.g., i n  Table  4.6-1 send commands 4 2  and 37 f o r  
a l l  memories t o  Power Supply A. Depending o n  which memories are t o  be powered 
send t h e  a p p r o p r i a t e  Memory Enable commands. Note t h a t  f o r  t h e  f u l l  cc,plereent 
of e i g h t  Memories they  are d i sab led  f o u r  a t  a t i m e  and enabled two a t  a t i m e .  
When i t  i s  d e s i r e d  t h a t  only ce r t a in  rncnosies be energized, dcpendivg on t h e  
p rev ious  c o n f i g u r z t i o n ,  i t  might be necessary t o  f i z s i :  send t h e  d i s a b l e  comnands 
(coonando 40 and 35). 
A f t e r  t h e  n e a o r i e s  are configured,  t h e  s e l e c t e d  power supply can be turned ON. 
With t h e  power supply OW, condi t ioned secondary vo l t ages  are a v a i l a b l e  t o  the  
ded ica t ed  STINT and CPM. The OBC o s c i l l a t o r  and computer p r o t e c t i o n  c i r c u i t  are 
a l s o  o p e r a t i o n a l .  For t h e  l a t t e r ,  t h e r e  are two func t ions  t h a t  must be 
s a t i s f i e d  be fo re  t h e  computer is  allowed t o  ope ra t e .  The f i r s t  f u n c t i o n  
invo lves  an i n t e r n a l  measurenent of t h e  +5V secondary vo l t age  and v e r i f i c a t i o n  
t h a t  i t  is wi th in  p re sc r ibed  l i m i t s .  Th i s  func t ion  i s  represented by t h e  Bower 
Clear box in Figure  4.1-13 and i s  always powered by -1-5 Volts obtained f r o %  t h e  
R I U .  The second is  t h e  r e c e p t i o n  of an R I U  ( e i t h e r  A o r  B) supp l i ed  one second 
check s i g n a l  . ( a t  l e a s t  every t h r e e  seconds) i n d i c e t i n g  proper  computer 
operat ion.  The l a t t e r  i s  supp l i ed  t o  t h e  Computer F a i l u r e  De tec to r  of Figure 
4.1-13 which is powered by t h e  power supply.  Computer r ' a i l u re  De tec to r  Disable  
commands are provided t o  a l low i n i t i a l  turn-on of t h e  systeni ( i .e . ,  t h e r e  i s  no 
one second computer s i g n a l  when the  computer is  OFF). 
With t h e  CompQter F a i l u r e  De tec to r  Enabled, if eLther  o f  the above two func t ioos  
a r e  not s a t i s f i e d ,  t h e  output  c i r c u i t  i s  c l m p e d  t~ ground. T h i s  ~ i i u s e s  the 
computer ope r2 t ion  t o  h a l t  a f t e r  approxlmaeely 3 seconds cE co continuous pulses 
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4 .3 .6 .4  Power Supply F a u l t  ---
The above output  c i r c u i t  is s l s o  grounded, and computer operatLon h a l t e d  when 
e i t h e r  of the  power supply Pau l t a  occur ,  %.e., o ~ e r v o l t t i g e ,  overcur ren t  o r  
undervol tage.  As prev ious ly  ind ica t ed  t h e  power supply DCfDC conver t e r  is 
turned OFF when t h e  f a u l t  occurs ,  which causes  t h e  +5 C5% Volt secondary vol tage  
t o  be exceeded. Th i s  in - turn  results i n  grounding of-the open c o l l e c t o r  ou tpu t  
t o  t h e  OBC. For t h e  overvol tage  f a u l t ,  t h e  power supp1.y secondary vo l t ages  are 
au tomat i ca l ly  res tored  subsequent t o  c l e a r i n g  o f  t h e  f a u l t .  The ove rcu r ren t  and 
undervoleage f a u l t s  r e q u i r e  t h e  command sequence of Power Supply OFF then  Power 
Supply ON t o  r e s t o r e  t h e  DC vol tages .  In  a l l  t h r e e  cases, overvol tage ,  
ove rcu r ren t  and undervol tage ,  t h e  OBC commands, preceeded by t h e  CFD Disable  
Command, are r equ i r ed  t o  start  t h e  computer. 
4.4 CQOH Subsystem Cons t r a in t s  
4.4.1 R. F. SWITCH CONSTRAINTS 
I_ 
When reconf igu r ing  t h e  RF Swttch t h e  t r a n s m i t t e r  must be o f f  t o  prevent  poss ib l e  
swi t ch  damage. 
4 - 4  - 2  TUJJSPGYDER CONSTRAITTI'S 
1' 
2. 
3 .  
4 .  
T r a n s d  t t e r  t u r n  O)N/(tFF should be accomp3.ished w i t h  t h e  t ransponder  
se r ia l  magnitude connand I n o t  t he  PC'J EnablejDlnable 6iscrrPte 
commnds. 
I f  rhe t ransponder  i s  r ece iv ing  a s t r o n g  s i g n a l  i t  may no t  be poss ib l e  
t o  command v i a  TDRSS mode due t o  l o w E r  l e v e l  of s i g n z l  r equ i r ed  (-110 
t o  -135 dBm) s i n c e  t h e  t ransponder  w i l l  be looking f o r  a GSTDN Zype 
s i g n n l  . 
When the  t ransponder  i s  ope ra t ing  i n  t h e  coherent  t u r n  around mode and 
ranging is being conducted v i a  GSmN, t h e  high rate channel (OBC Dmp, 
PCD NBTR Playback) must no t  be commanded ON. That  i s ,  ranging and h igh  
ra te  d a t a  are mutual ly  exc lus ive .  
Coherent Hode can cause n o i s e  on t h e  r e t u r n  l i n k  b i t  s t ream wher 
swi tch ing  PMP modes. Use t h e  non-coherent mode t o  avoid t h i s  problem 
by i n h i b i t i n g  t h e  a u t o n a t i c  t r a n s f e r  from "Auxil iary O s c i l l a c c  . to 
VCO" by Transponder s e r i a l  magnitude command. 
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4 .4 .3  PMP CONSTRAINTS 
1. ?El!? Mode A should nut be used except  for an emrgeacy, where t h e  high 
mod is&x (1.1;) might be u s e f u l  e-e.,  t r a n s d t f e r ,  P i  or antenna 
problem might warrant a high ir.dex f o r  EeSemetry t o  GSmDN. Otherwise 
use P W  mode B ( R e a l t i m e  Telemetry and High Rate d a t a  to where 
both can be t ransmatted s imultaneously.  
STDW) 
2.  The PIG? may be turned OFF when no t  t r a n s m i t t i n g ,  to save  power, 
however i t  should be l e f t  i n  t h e  ON s t a t e  since no addF t iona l  power is  
used. 
4 . 4 . 4  STACC CU CONSTRAINTS 
1 .  Only one CU should be commanded ON a t  any ti=. I f  bo th  are ON, t h e  
MDB (bus) d a t a  w i l l  be wcrthless and t h e r e f o r e  not meaningful t o  t h e  
RIU's nor  CU's, bu t  no damage occurs.  The recovery is t o  t u r n  both 
CU's OFF t hen  CU ( A  o r  E)  ON by s p e c i a l  commands ( R I U  #$). 
2 .  R.F. Conimnds override ha rd l ine  coimands. 
T h e  RIU's  'In the CCDN SubGysten haire no operational.  constraints except thct i n  
n o m 1  C&L'.!< o p e r a t i o n s ,  one RIU is a c t i v e  and t h e  a l t e i r l a t e  is OFF- Once in 
f c ~ r a t i o n ,  the CU c o n t r o l s  t h e  R I U .  
' ,  Powel k u p p l i e b  m t i s t  be powered OFF when conf igu r ing  t h e  memories 
:P:der supply  S e l e c t  and Memory ENABLE/DISAELE). 
Only o m  Pwer Supp1.y should be ON a t  a time. 2 .  
3 .  The Transponder t r a n s m i t t e r  OM/OFF c o n t r o l  should be obtained d i r e c t l y  
by cmmands t o  t h e  Transponder. The ElABLE/3ISABLE Transmit ter  
coalsand a t  t h e  PCU is f o r  back-up cn ly .  
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4 - 5  iiEDUMDrZNCP/CROSS STRAPPING 
__c- 
A gene ra l  desc r ip t ion .  of t h e  redundancy and CP"OOI s t r a p p i n g  of t h e  ChDfi 
subays tea  is  given  below. A s i m p l i f i e d  block diagram of t i .@ CCDH Subsystem, 
inc luding  redundancies ,  ie given  i n  F igu re  4.1-1. 
The d i scusa fon  of redundancies  can  be s i m p l i f i e d  by ClaSt$lfYfXt$ t h e  types of 
redundancies  employed i n  t h e  subsystem. These (are shown in Figure 4.5-1 and 
inc lude :  
1. Active Cross-Strapping 
2 .  Pass ive  Cross-Strapping 
3 .  Dedicated Asslgnment ( i . e . ,  no croes-etrnpping)  
An example of t h e  a c t i v e  type  i s  t h e  forward l i n k  s i g n a l e  from t h e  t ransponders  
r e c e i v e r s  t o  t h e  CU's. Here, both  r e c e i v e r s  A and B are cont inuous ly  powered and 
supply sfgoal6 to both CU'o s f r u l t c m e w c l y .  A given CY, when poucred, can aclec t  
either of these two r e c e i v e r  s i g n a l s  ioz d i a t r i b u t i o n  eo the  oubays tes  ( W i t h G U t  
any over t  coomind c o n t r o l ) .  
The passive CrOs5-StTdpping ralao perudts sign81 feed fron t h e  A 6 R compooer!t8 
t o  t h e  i n t e r f a c i n g  A 6 B components, as ehom In F i p r e  4.5-1 f o r  t h e  dobmEJLnk 
t e lemet ry  signal from t h e  CU t o  t h e  P.W' Koweser, he re  commsnd c o n t r o l  IE 
requi red  to reconf igure  t h e  s tandby component, e.g., PFP-A s e l e c t i o n  of CU-B and 
turn-on of CU-B (and turn-off of CU-A). 
Dedicated assignments  of redundant components, e.g., CPM t o  STLNT, does not 
i nc lude  c ross -s t rapping .  E iehe r  both A u n i t s  o r  both B u n i t s  are powered 
s imultaneously.  
For convenience, t h e  redundancy c l e e s i f i c e t d o n e ,  and UN/OFF component ~ t ~ t u u ,  
deacrfbed &Low, o r e  summarized i n  Tabla 4.5-1. 
* 
By convent ion,  prime and redundant components are designated by t he  Setters A 
and 8 ,  r e spec t ive ly .  Other l e e t e t  ( o r  number) des igna t ion  signiffee,  e i k h s r  no 
redundancy or  t h a t  components nay be used i n  var ious  combinations (e.g., t h e  OBC 
memories). 
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Table 4.5-1. Component Redtmdanc) C l a s s i f i c a t i o n  and OnIOff S t a t u s  
i 
I_ 
ConponentIFunt i o n  Redundancy" On/Of f Statue 
Dmnl Antenna t o  Transponder Receiver  A 
Omni Antenna to Transponder Receiver  B 
Transponder T r a n s m i t t e r  A t o  Omni '1 o r  
Transponder T r a n s m i t t e r  B t o  Omni 2 or 
High Gain Ant. 
High Gain Ant. 
Hardl ine (Baseband Commands t o  
Wardline (Baseband) Commands t o  
Baseband Commands from t h e  Module 
Receiver A 
Receiver B 
I n t e r f a c e  Connector o r  Module T e s t  
Connector t o  CU h&B, r e s p e c t i v e l y  
Receivers h&B t o  each CU 
CU S p e c i a l  Commands 
CU t o  Supervisory L ine  (Telemetry 6 
MDB Supervisory Line Command Nessnge t o  
R I U  Commands and Telemetry to/from Users 
Command) 
RIU's  
CU A and B t o  STINT A and B ( t e l e n t r y )  
STINT A to/from CPH A 
STINT B to/from CPM B 
CPM t o  Memories 
d a t a  and s t o r e d  c o m n d s )  
A - Active Cross-Strap 
P - Pass ive  Crose-Stray 
















Both receivers are 
cont inuouely powered 
Only one t rans-  
mitter powered 
Only OW CU Its ON, 
Only one CU is ON, 
the a l t e r n a t e  mit 
is in Standby 
Only one R I U  is ON 
(Standby Z), t h e  
al ternate u n i t  is 
i n  Standby (DPF) 
Only one STINT 
powered 
Only one CPM powered 
Memories can a l l  be 
s imul taneou s l y  
powered 
LSD-WPC-2 6 3 
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Table 4.5-1 .  Component Redundancy C l a s s i f i c a t i o n  and On/Off Stcatus 
Component/Funtion Redundancy* OnlOff Staeuo 
Memories a d d r e s s  re- 
c o g n i t i o n  c i r c u i t r y  
are s imultaneously 
powered 
MDB Supervisory L ine  Telemetry Request 
R I U  Telemetry t o  MDB Reply Lines 
MDB Reply L i n e s  to  CU 
CU A and B R/T TLM t o  PMP A&B 
STINT A and B Memory Dump t o  PMP A&B 
Tape Recorder A TLM Playback and Record 
t o  RIUs' 
to/from PW-A 
Tape Recorder R TLM Playback and Record 
t O / f  rOU P1P-B 
Exte rna l  Data - MPC t o  PbP-A 
Exte rna l  Data - MIC t o  PMP-B 
PMP A&B t o  T ransmi t t e r s  AQB 
PCU Power Supply A Secondary Voltage 
PCU Power Supply E Secondary Voltage 
to STINT A and CPM-A 
t o  STINT B and CPM-B 
PCiI Power Supply A and E Secondary 
Voltage t o  Memoriel3 
PC'U (OEC)  O s c i l l a t o r  and F a i l u r e  




Kiss ion  r e q u i r e s  
t h a t  both PMPs be 
powered simultan- 
eously for some 
o p e r a t i o n a l  mdcs 
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4 . 5 . 1  RF SWITCH REBUi?BAa’CY 
A l l  
desc r ibe1  i n  paragraph 4.1.1.1. 
S t a r t i n g  wi th  t h e  RF s i g n a l  f low,  t h e r e  are f o u r  antenna p o r t s .  
wi th  t raqsponders  A and B through the  RF swi t ches  and d i p l e x e r s  producing 
commandable t ransmi t conf igu ra t fona  : 
RF Switch and Antenna feed func t ions  are provided redundant ly  as previous ly  
Theee i n t e r f a c e  
t h r e e  
Tranaponder A Tranaponder E 








& M i 2  
h n i  2 
Forward link r ecep t ion  it3 non-switchable. Transponder receiver A and B s i g n a l  
r ecep t ion  is from e i t h e r  t h e  OMNI’s o r  t h e  High Gatn Antenna. 
Commiinds t o  the  subaystem can  3e obta ined  from signal5 cpp l i ed  directly t o  t h e  
r ece ive r”8  d e t e c t o r s  (Rerd l ine  Commands) or v i a  IiF. Both the A and B recePi7c1-5 
are powered con t inuous ly ,  end dur ing  RP ope ra t ion  w i l l  b a t h  p r o s l d r  benebatid 
aignaL6 t o  CU-A and B s imultaneouely.  O n l y  one CU C G  O X  et M t fw, the 
a l t e r n a t e  u n i t  i s  maintained i n  a s tandby node. 
’. - 3  - 2  TRANSPONDER REDUNDANCY 
The Landsat-D employs redundant t ransponders .  The t ranspondere can  be 
configured by ground command, f o r  e i t h e r  t h e  TDRSS o r  GSTDN mode. The r e t u r n  
( t e l eme t ry )  l i n k  t ranemfss ion  s i g n a l s  are obtained from e i t h e r  t h e  PW-A or  PFIP- 
B t o  e i t h e r  t h e  A o r  B t r a n s m i t t e r  (see Figure  4.1-4). 
4 -5.3 PMP REDUNDANCY 
The P W  is a completely redundant u n i t ,  w i th  c a p a b i l i t y  of ope ra t ing  t h e  A o r  E 
s ide .  There i n  a ded ica t ed  assignment of tape  r eco rde r  i n p u t  and ou tpu t  s i g n a l s  
t o  each PMP. Bardl ine  monitors  are a l s o  dedica ted .  The PW-A Hnrdl ine  monitor 
?ci app l i ed  t o  h a r d l i n e  output  A and PMP-B h a r d l i n e  monitor  is app l i ed  t o  
h a r d l i n e  output  8 .  01; 
r e t u r n  l i n k s .  The E’PiP‘o are crosa-atrapped t o  t h e  STACC CU‘o eo a l so  o p e m t e  
with either CU. 
Each P W  can ope ra t e  wi th  e i t h e r  t ransponder  f o r  forward 
LSD-IdPC-263 
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4 . 5  4 STkCC CU RCD!Jh?)Ci?JCY 
The A and B STACC CU‘6 p rovide  baseband s i g n a l s  from both the  A and W r e c e i v e r s  
simultaneously.  Only one CU i s  ON a t  a t i m e .  The a l ternate  u n i t  i a  na in ta ined  
i n  t h e  standby mode. A form o f  dua l -d ive r s i ty  ( sha rp  s e l e c t i o n ,  w i t h  p r i o r i t y  
g iven  t o  r ecep t ion  from r e c e i v e r  A and t r a n s f e r  i n h i b i t  t o  prevent message gaps)  
is conta ined  w i t h i n  each CU, which i n  e f f e c t  g i v e s  a n  a c t i v e  c ros s - s t r ap  
redundancy from t h e  r e c e i v e r s  t o  each  CU. The s i g n a l ,  a f t e r  process ing  by t h e  
CU, can  be routed  t o  t h r e e  areas. It can  be sen t  t o  e i t h e r  STINT A or B ,  o r  s e n t  
v i a  t h e  redundant supe rv i so ry  l i n e s  A f B  t o  t h e  BCU‘E and on to  t h e  RIU‘s. The 
R 1 U ” s  send d a t a  t o  e i t h e r  CU A/B v i a  redundant r ep ly  l i n e s  AfB. 
4 . 5 . 5  R I U  REDUNDANCY 
Commands are routed  t o  t h e  RIU‘s v i a  redundant supe rv i so ry  Pines.  T h i s  can be 
the  R I U  ( A  or  B )  w i t h i n  t h e  ChDH module, or one of t h e  o t h e r  subayatem RIU’s.  
Within the ChDH both R I U  AhB monitor t h e  Superv isory  Line message ( a c t i v e  cros8- 
s t r app ing) .  Upon r e c e i p t  of a proper ly  addressed  message, t h e  R I U  d i s t r i b u t e s  
t h e  message t o  t h e  CBDH components. E i t h e r  KIU A o r  B can  be used t o  i s s u e  any 
commvd as s igned  t o  t h e  CEiD1-I subsyet.e.3. 
The te lemet ry  5 i g n d s  are gathsred by t h e  RIUo. E i t h e r  R I U  A o r  B i n  t h e  C&DN 
can  be used t o  provide all CCDH ass igned  t e l eme t ry ,  Reply l i n e s  are redundent 
and t e l eme t ry  r e t u r n  from B I U  Ls c a r r i e d  on bo th  r e p l y  I i n c o  akriultaneously. 
4.5.6 PCU REDUNDANCY 
The PCU o b t a i n s  primary bus vo l t age  (28  v o l t s ,  nominal) and d i s t r i b u t e s  b t  , to 
m 3 s t  components. The except ione  are  t h e  OBC (CPM and Memories) and STINT. The 
l a t t e r  are s u a p l i e d  w i t h  condi t ioned  secondary vo l t ages  from redundant power 
supp l i e s  i n  t h e  PCU. The memories, however, by command se lec t ion  c a n  be powered 
from e i t h e r  the  A o r  E supply ,  whichever u n i t  is ON. 
The PCU a150 con ta ins  redundant o s c i l l a t o r s  and computer f a i l u r e  d e t e c t o r  
c i r c u i t r y  fo r  the OBC, t h a t  are s i m i l a r l y  dedica ted  t o  t h e  A and B u n i t s ,  
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Table 4.6-1. Diecrate C o u m a n c i s  
RIU W A N  ACRONYN COPIPMND NAHE 
‘ 0  
t 0  
i 0  
0 
0 
‘ 0  
30 
‘ 0  
10 
0 





‘ 1  
1 1  
’ 1  
‘ 1  
1 
I 1  
i l  
I 1  
: 1  
1 
‘ 1  
h 
: 1  
1 1  
i 1  
1 1  
‘ 1  
‘ I  
$ 1  
I &  
I .  
j l  
I 1  
f 
! I  
I 1  












1 2  
13 
0 0 
6 3  
50 
20 





2 3  
2 5  
2 4 
5 1  
31 
33  





4 2  
4 4  
40 
I &  
0 4 
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MGH 1 EN 
NE t I3 E iil 
SPAt41 3 




P A w i A  
I 
CENTRAL U N I T  NO OPERATION 
S E L F  CU ON ( I N T  OSC SELECTED 6 POWERED ON) 
MATE CU O F F  1 
MATE CU O F F  2 
SELECT EXTERNAL OSC 
SELECT SUPERVISORY L I N E  A ON/B O F F  
SELECT SUPERVISORY L I N E  B ON/A O F F  
SELECT REPLY L I N E  A ON/B O F F  
SELECT KEPLY LIME B ON/A O F F  
CU HARPLINE TELENETRY ON 
CU fiAKDLINE ‘TELEIETRP OFF 
SELELT I KBPS u3c ’Dum 
SELECT 32 KBPS OBC DUW 
R I U  1 S E L F  ENABLE (STANDRY 1) 
RTU 1 S E L F  STANDBY 2 (NATTE RIU DISABLE) 
R I U  1 MATE DISAi iLE  (BACKUP) 
STINT A AND NSSC A ON 
S T I N T  A AND NSSC A O F F  
STINT 5 AND NSSC R ON 
STINT U AND NSSC R O F F  
ENABLE COWUTER FAILURE DETECTOR A 
DISABLE COMPUTER FAILURE DETECTOR A 
ENABLE COElPUTER FAILURE DETF:CTOR B 
DISABLE COMPLfTER FAILURE DETECTOR R 
COWWTEK A 1-SECOND TEST 
COHPlTLii 8 I-SECOND T E S T  
ENABLE NEXORY 0 ( 0  h ? D  4) 
ENABLE HEFDKY 2 ( 2  AND 6 )  
SELECT PGWER SUPPLY A FOR MEMORY 0 AND 2 (0,2,4,6) 
SELECT POWER SUPPLY B P 3 R  EEMOKY 0 AND 2 (0,2,4,6) 
I DISABLE FIEMD11Y 0 ANI) 2 ( 0 , 2 , 4 , B j  
EMABLE: EE:MDkf’ 1 (1 .m.D 5) 1 
ENABLE EEMDRY 3 ( 3  AND 7)  I 
SELECT POHER SUPPLY A FOR KEF!ORY 1 MID 3 (1,3,5,7)/ 
SELECT POtER SlJFPLY B FOR EEFIORY 1 AND 3 (1,3,5,7); 
DISABLE EEEIORI 1 A N D  3 ( 1 , 3 , 5 , 7 )  
FHP A O N  
PHP A SELECT NBTR 1 PLAYBACK 
i 
I 
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Table 4.6-1. D i s c r e t e  Comwnds 
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H T R l D I  
HTR2EN 
HTRZDI 
PMP A SELECT PCJ3 B 
PMP A O F F  
PMP B ON 
PMP B SELECT NBTR 2 PLAYBACK 
PMP B SELECT PCD A 
PMP B SELECT PCD B 
PMP B O F F  
SELECT 28V BUS A FOR RF SWITCH ( R I U  A ONLY) 
SELECT 2 8 V  BUS E FOR R F  SWITCH ( P J U  B ONLY) 
SELECT RF CONFIGURATION 1 
SELECT BF CONFIGLJM'fI9E 2 
SELECT RF COATIGUXATION 3 
TRRNSPONDER A XIITIE. PRIMARY POkXR ENABLE 
TRRNSPONDER A XMTR PKIMARY P O W R  DISABLE 
TRANSFONDEX B XHTK PWZlUiRY POrVER EHABLE 
TRANSPONDER B XMTR PRIMARY POWER DISABLE 
EE'ABLE HEATER 1 
DISABLE HEATER 1 
ENABLE HEATER 2 
DISABLE HEATER 2 
NBTR 2 POWER ON 
NBTR 1 POWER ON 
NBTR 2 POWER OFF 
NBTR 1 POWER O F F  
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Table 4 . 6 - 3 .  SPrtictl Ccmmnd Aercrnynn 
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FA RHO F 
PARHOG 
CENTRAL UNIT CONTROL: 
SELECT 1 KIPS BITRATE 
SELECT 2 KBPS B T T M T E  
SELECT 4 KBPS BITRATE 
SELECT 8 KBPS BITFATE 
SELECT 16 KBPS BITRATE 
SELECT 32 KBPS BITRATE 
SELECT 64 KBPS BITRATE 
SELECT CU FLEX FORMAT 
SELECT ENGINEERING RON FORHAT 
SELECT ~ I S S ~ O H  ROM FOP3AT 
SELECT O W  FLEX FORHAT 
SWELL OH CNMWiI, V (0-127) 
D E L L  HOD% OFF 
OBC SELF TEST 
PMP CONTROL: 
PMP A K/T DATA TO TAPE ON 
PMP A R/T DATA TO TAPE OFF 
PMP A ENC R/T OH AND ORC/NBTR 1 ON 
PMP A ENC R/T OFF AND OBC/NBTR 1 OFF 
PMP A ENC R / T  OFF AND OBCfNBTR 1 ON 
PMP A ENC R/T ON AND OBCfNDTR. 1 OFF 
PMP A SELECT MODE A XPNDR A 
PMP A SELECT HOD% 5 XPNDK A 
PMP A SELECT HODE C XPRrDR A 
P W  A SELECT MODE D XPNDR A 
PMP A SELECT NODE E XPNDR A 
PMP A SELECT MODE F XPNDR A 
PMP A SELECT MODE C XPNDR A 
PHP A SELECT HOD& H XPNDR A 
BEfP A SELECT KOUE l X!'I.IUR A 
PEP A SELECT H O W  A XPNliR B 
PWP A SELECI" MODE a XPNDK B 
P W  A SELECT PRIDE C XPKBR B 
PpaP A SELECT MODE D XPNDR B 
PHP A SELECT WDE E XPNDK B 
PMP A SELECT E.SODE F XPNDX B 
PNP A SELECT HODE e XPNBR B 
LSD-WPC-263 
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P B W O D  
PBRMOE 
PBRMOF 
P B m X  









PprP A SELECT WDE H XPNDR B 
PMP A SELECT PfODE I XBNDR B 
PMP A XPNDR A MODE SELECT OFF 
PMP A XPNDR B MODE SELECT OFF 
PMP A KPNDR A CU A 
PMP A XPNDR A CU B 
PMP A XPNDR A STINT A 
PMP A XPNDR A STINT B 
PMP A XPNDR B CU A 
PMP A XPNDR B CU B 
PI@ A XPWDR ts STIbT A 
PW A KP??WR B STINT R 
PEP A RFA% TWE DrlTA TO KhKDLTNeS ON 
PMP A OBC KEK DVtQ TO WrTZD%Z!;;E 03 
PMP A WB'i'R l/PCD TO HARDLIN6! Old 
PMP B R/T DATA TO TAPE ON 
PMP B R/T DATA TO TME OFF 
PMP B ENC R/T ON AND OBC/NETR 2 ON 
P W  B ENC R/T OFF AND DECINBTR 2 OFF 
PMP B ENC R/T OFF AND OBC/NBTR 2 ON 
PMP B EWC R/T ON AND OEC/NBTR 2 OFF 
PHP B XPNDR B MDDE SEXECT OFF 
PHP B XPNDR A MODE SEZECT OFF 
PW B SELECT MODE A XPNDR A 
PMP B SELECT KODE B XPFiDR A 
PHI? B SELECT MORE C XPNDR A 
PMP B SELECT MODE D XPNDR A 
PMP B SELECT WDE E XPNDR A 
PMP B SELECT %ODE P XPNDR A 
PPP B SELECT M D E  G XPNDR A 
PtG? E SELECT %DEE H XVNDR A 
PEP 3 SELECT ISBBZ 1 XPhTu13E. k 
PEP B SELECT PR3.iTiBE X XPWDFE B 
PplP la SELECT MODE B XPHDDP, I3 
PHI' B SELECT I%DE C XPNDR B 
PMP B SELELT MODE D XPNDR B 
PMP B SELECT MODE E XPNDR B 
PklP B SELECT HODE F XPNDR B 
PMP B SELECT HGDE G XPEiDR B 
A HARDLTM! OUTPUTS OFF 
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T a b l e  4.6-3. Serial Command ACrORgwB 






































































































TAI t4Q F 
TAIPQF 
TMXIF 
T M I N  
TAAOVN 
ThAOVF 
T A C W  
TACMRL 
PMP B SELECT MODE H XPNDR B 
PMP B SELECT MODE I XPNDR B 
PMP R XPNDR A OJ A 
PMP B XPNDR A CU B 
PMP B XPNDR A STTNT A 
PMP B XPNDR A STINT B 
PMP B XPNDR B CU A 
PMP B XPNDR B CU B 
PMP B XPNDR B STINT A 
PEP E XPNDDR €3 STXPT" E 
PTP B BM.DZIME OuTPlYTS OFF 
PHP 5 RE& TIFE DATA TO EMRDLIWE ON 
Ppfp B OBC HE.LEM DUH" TO UARDLXNE ON 
PfP B NCTR Z/PC9 TO EMKDLZKE ON 
TRANSPONDER A CONTROL; 
STDN XMTR O N  H I  MOD INDEX TLPi 1 ON 
STDN XMTR ON LO MOD INDEX TLM 1 ON 
TDRSS W R  ON 
TRANSMITTER OFF 
RECEIVER I N  DUAL NODE 
RECEIVER I N  STDN MODE ONLY 
TELWTRY LINE 1 ON 
TELEMETRY LINE 1 OFF 
TELEKETRY LINE 2 ON 
TELEMETRY LINE 2 OFF 
ENABLE STDN RANGING 
DISABLE STDN RANGING 
PN CODE I h Q CHANNELS ENABLE 
PN CODE I CHAN DISAB, Q CHAN ENAB 
PN CODE I C a y  EMAB, Q CHfW D X W 3  
PN CODE I b Q CB/iNNELS DISABLE 
ALLOW AUTC XtliZ'R TTJRN-ON 
INHIBIT AUTO XMTR RJRV-ON 
hLLO6J AUTO TRANSFER TO VCO 
INHIBIT AUTO TRANSFER TO VCO 
SELECT MEDIUM C O W D  UTE 
SELECT LOW CQE-fAND RATE 
1 
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Table 4.6-3. Serial Commnd Acrcmyge 
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TRANSPONDER B CONTRCL; 
STDN XMTR OM H I  D INDEX TLH 1 ON 
STDN XMTR O N  LO MOD INDEX TLM 1 ON 
TDRSS XMTR ON 
TRANSMITTER OFF 
RECEXVER I N  DUAL MODE 
BCEIVEK I N  STDN MODE ONLY 
TELEMETRY LINE 1 ON 
TELWTRY LINE 1 OFF 
TELEIETRY LIME 2 ON 
TELEETRP LIKE 2 OFF 
ENABLE STDEY FCPlNGINC 
DISABLE STDN RAHGIATG 
PN CODE IhiQ CYUNNZLS ElidAELE 
PN CODE I CfMN DISAB, Q CBAN ENAB 
PN CODE I CHiW ENAB, Q CHAN DISAB 
PN CODE IhQ CWiNNEZS DISABLE 
ALLOW AUTO XKTR TU?.N-ON 
INHIBIT AUTO XMTR TURN-ON 
ALLOW AUTO TRANSFER TO VCO 
INHIBIT AUTO TRANSFER TO VCO 
SELECT MEDIUN COWND RATE 
SELECT LOW COMMAND RATE 
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Table 4 -6-4 Command V e r i f i c a t i o n  
R e f e r e n c e  TLM 



















S T N S M  
STNSBN 
STNSBO 












4.6.1.1 - 2  
4.6.1.1.2 
4.6.1.1.2 
4.6.1 .L .2  
4.6.1.1.3 
4.6.1 .X.J 
4.6 .I -1.3 
4.6.1.1.3 
4.6.1.1.4 
4.6.1 .I. .4 



























OBC R U N N I N G  
OBC PWR OFF 
OBC PIaR OFF 
OBC PWR OFF 
OBC Ptdx OFF 
ORC PIA? O F F  
su PR kit! 
SUPRAN 
RPLYEN 
















S P Al-iO:! 
NE FfDE N 
i CCElDCNT I N C R W E  NT CCUANFml CU A ON CCUBNFal  CU E Oh‘ 
CCUANFoO CU A O F F  
CCUBNF-0 CU €3 OFF 
CU A OFF 
cu 13 OFF 








R I U  i 
X I U  B 
OBC COMMND 
OBC C O E W D  
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Table 4.6-4. Command V e r i f i c a t i o n  
Reference  TLM 








P W X A  





























4 -6 -1 -3 -1 
4 e 6  -1 -3.1 


















OBC PUR OFF MW13D 
OBC PWR OFF MEMl3D 
OBC PVR OFF SPBM13 
OBC PWR OFF SPAM13 


















R I U  A ON S28BRF 
R I U  E ON S28ARF 
RFCON2 
RFCON3 








H T R l D I  
HTRlEN 
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Table  4.6-4. Command V e r i f i c a t i o n  
Reference  TLIM 
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C P A E W 4  
CPAYDr?E=0010 
CPABXP=.O 
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Tab le  4.6-4. Command V e r i f i c a t i o n  
I R e f  ererice TLM 



























































p m o o  
PARMOO 
? ? m o  
PiZlcYOO 
PAR2400 






















c F ~ ~ ~ u z = o o I o  
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Table 4 . 6 - 4 .  Command V e r i f i c a t i o n  
R e f e r e n c e  TLM 

























4 -6  .? . 3 . 4  
4 . 6 . 1 . 3 . 4  
4 . 6 . 1 . 3 . 4  
4 . 6 . 1 . 3 . 2  
4 . 6 . 1  - 3 . 2  
4 . 6 . 1 . 3 . 5  
4 -6 .I .3 .5  
4 . 6 . 1 . 3 . 5  
4 . 6 . 1 . 3 . 5  
4 . 6 . 1 . 3 . 3  
4.6.1 - 3 . 4  
4 - 6  s1 .3 .3  
4 -6.1 e3 - 3  
4 . 6 . 1 . 3 . 3  
4 . 6 . 1  - 3 . 3  
4 . 6 . 1 . 3 . 3  
4 . 6 . 1 . 3 - 3  
4 . 6 . 1 . 3 . 3  
& . 6 .1 .3 .3  
4 . 6 . 1 . 3 . 3  
4 . 6 . 1 . 3 . 3  





































P B W O  
















C P E 3 T E N C 4  
CPBRTENCaO 









C P  Bi D3DEaO 2 10 
C P A B X P l  
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Tab le  4.6-4 I Co-waad Verif icat f im 
Re.'erence TLPI 




P B m E  4 -6-1.3.3 
PBNXCF 4.6.1.3.3 
PBhXOC 4.6.1.3.3 
P BIWD H 4.6.1-3.3 
P BFuWO I 4.6.1.3.3 
PBR%OO 4.6.1.3.3 
4.6.1.3.2 
4 -6 . I  -3.2 PIIRCUR 
Pi3hCUA 4.6.1.3.2 
PIIN3JB 4.6.1.3.2 
PBRSTA 4 -6.1.3.2 
FBRSTB 4.6.1.3.2 
P BK S TA 4.6.1.3.2 




Pf,TDEIN 4.6.1 2 . 4  
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Table  4 - 6 - 4 .  Comaand Verification 
Re fe reace TLN 
















T U I F  
T U .  IM 
TMOVN 
T M V  P 
T A C W  
TACFWI. 
TBXSH 











4.6 .P .? .2 
4.6.1.4.2 









4 .S .1.4.3 
4.6.1.4. I 
4.6 .1.4.1 
4.6 .I .4.4 
4.6.1 .IC .4 
4.6.i.4.4 
4 -6 .I .4.4 





XMTW T W I N  









T W  I / F  1 01 
NO Ttk? om 
A 
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Table  4.6-4. CormRnd Vcrificatfos 
I 
Reference TLM 


















4.6 .I .4.1 
4.6 .1.4.2 






























NO D I R  VER 
NO D I R  VER 
NO DER VER 






CXPBP N Q - 4  




CX PBO S 0-0 
CXPBOSC-1 
CXPBD ET= 1 
CXPBDEPO 
CXPBPNQ-1 
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4 -6. I COMMAND DESCRIPTIONS 
This  s e c t i c n  p rov ides  d e s c r i p t i o n s  of t h e  conmand func t ions  using t h e  acronym 
in Table 4.6-1 and 4.6-3. All CdDH coavoands are addressed t o  RIU 1 (A or 3 )  
except  s p e c i a l  commands t o  t h e  c e t t r a l  u n i t  which are addressed to RXU 0 .  pU1 
R I U  1 cmolands may be executed by e i t h e r  t h e  A or B RXU except  f o r  two d i s c r e t e  
commands: 34 (which will execu te  only when RIU A is on) and 53 (which w i l l  
execute  on ly  when RIU B 18 on). Telemetry monftors r e f e r r e d  to i n  t h e  fol lowing 
paragraphs are def ined Pn Sec t ion  4.7. 
4.6.1.1 2 S p e c i a l  C m n d s  
Spec ia l  commands are executed d i r e c t l y  by t h e  CU and a r e  not  routed t o  t h e  
mul t ip l ex  d a t a  bus. In t h e  Standby Mode, execut ion of s p e c i a l  commands does not  
r e q u i r e  ope ra t ion  of t h e  CU clock o s c i l l a t o r .  
4.6.1-1.1 CUNOOP 
This conaar,d is a test command tteed t o  v e r i f y  c o r r e c t  operation of t h e  forward 
l i n k .  When s e n t  t o  t h e  zctive CU, succesafoi operrrrclon w i l l  r e s u l t  Xn SR 
increment of the teaemtry noni tor  CCEDCNT. When s e n t  t o  t h e  s tandby CU, 
s u c c e s s f u l  operatkon w i l l  r e s u l t  I n  sn increment of the  t e l eme t ry  monitor 
CSCMDCT. Unsuccessful o p e r a t i o n  w i l l  resulr ,  i n  no i a c r e r x n t  of e i t h e r  teleioiltrg 
monitor above. 
4.6.1.1.2 CVSLFN Se l .  CU On 
CUWl cu Hate Off 1 
CUMAF2 CU Mate Off 2 
CUEXON Ext OSC Selected 
These commands are used t o  select t h e  d e s i r e d  CU and s p a c e c r a f t  oscillatoT 
conf igu ra t ion .  When power is f i r s t  app l i ed  t o  t h e  C&UH (such as ground test 
s t a r t - u p ) ,  both CU A and CU B will go t o  t h e  6tandby s t a t e .  From t h i s  f d t i a l  
seate, commands should be addressed t o  t h e  des i r ed  CU i n  t h e  o r d e r  CUt.IAF1, 
CUMhF2, CUSLFN, CIIFXOM. The CUSLFN command from t h e  i n i t i a l  s t a t e  will select 
t h e  i n t e r n a l  c lock  o s c i l l a t o r ;  t h e  CUEXON command i s  then r equ i r ed  t o  select t h e  
u l t r a - s t a b l e  Landsat-D e x t e r n a l  o s c l l k ~ t o r .  I n  normal opera t ion ,  one CU is on 
while t h e  o t h e r  is i n  standby. I f  a c t i v a t i o n  of t h e  a l t e r n a t e  CU is d e s i r e d  t h e  
conmarids CUIIAFL, C U W Z ,  and CUSEF’N addressed t o  the stendby CU must be s e n t .  
This  sequence assures t h a t  both CU“s a r e  not OR 51: the same  LE^, An undeslixblc 
cond i t ion  vhich could dnduce a spur iuue  commnd on the nult ipk!x data  bus. 
Durfng t h i s  sequence, both CU’s will be i n  the  standby mode u n t i l  t h e  QJSLFN 
command is executed, causing a momentary 106s of te lemetry da t a .  Telemetry 
v e r i f i c a t i o n s  of t h e s e  commands are obtained from t h e  monitors CONCUID, C C U W ,  
CCUSNF , COSCINX. 
4-91 
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4.6.1.1.3 SUPRAN S e l  Superv isory  Line A O N / B  OFF 
SUPRBN Se l .  Superv isory  Line  R ON/A OFF 
WLYAN Sel.  Reply L ine  A ON/B OFF 
WLYBN Se l .  Superv isory  Reply Line B ON/A OFF 
These commands are used t o  select t h e  CU mul t ip l ex  data bus  conf igu ra t ion .  
SUPRAN and SUPRW are complementary commands which select  t h e  supe rv i so ry  l ine% 
used by t h e  CU to d i s t r i b u t e  consand and te lemet ry  reques te .  RPLYAN and RPLYBN 
are complementary commands which select  t h e  r ep ly  l i n e s  used by t h e  CU for 
t e lemet ry  d a t a  a c q u i s i t i o n .  Although both r ep ly  l i n e s  con ta in  d a t a  from a l l  
RIU’s, only one p a i r  is s e l e c t e d  by t h e  CU. Telemetry v e r i f i c a t i o n s  f o r  t h e s e  
coramende are ob ta ined  from t h e  monitors CSUPVBA and CRPLYBA. 
4.6.1.1.4 TLMIDN CU Nardl ine  Telemetry ON 
TLKDNF CU Herdl ine  Telemetry OFF 
These complementary commands t u r n  on or off hardline t e l eme t ry  d e t n  rnonPtorrr 
from CU A o r  R, The o u t p u t s  (RRZ-L d a t a  and 1 X  clock)  are available  a t  the CLDH 
module connecto; as tes t  poinew on ly .  Telemetry vertfbcctions3 for t hese  
comaeands are rsb:al. ed from t h e  wnicore  CCUAEFN end CCUBHFN. 
4.6.1.1.5 ORCDlK Se l  I. Kbpe QBC Dump 
OBCD22 §el 32  Kbpe OBC Dump 
These complementary commands are used t o  select  t h e  bit. rete f o r  nn OBC memory 
dump via CU A or B. The selectable rates a r e  1 KIJPS o r  32 KBPS. Telemetry 
v e r i f i c a t i o n s  f o r  t h e s e  commands are obrafned from t h e  monitors CCUADMP and 
CCUBDrn.  
4.6.1.2 CU Serial Magnitude Commande 
CU s e r i a l  commands are s e n t  t o  addrcs;; 170 (EIU 1 ,  ererial command enab le  0). 
They must be addressed  t o  t h e  a c t i v e  CU; t h e  standby CI1 a c c e p t s  special commnds 
only .  I f  both CU’s a r e  i n  s tandby ( r e f .  Paragraph 4.6.1.1.21, no commands t o  
addres s  170 w i l l  be executed. 
-- 
4.6.1.2.1 Telemetry B i t  Rate S e l e c t i o n  
SRXhB S e l  I Kbps Bit Rate 
BR7KB S e l  2 Kbys Y i t  Rete 
BR4KB Sel 4 Kbpe 3 i t  Rate 
BR8KB §e l  8 Kbps Bit Rote 
BR16KB S e l  16 Kbpa B i t  Rate 
BR32KB Sel 32 Kbps B i t  Rete 
BR64KB S e l  64 Kbps B i t  Rntc 
LSD- wrc- 26 3 
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These commands are used t o  select the d a t a  rate of tho tetesletttry d a t a  r~itreeso. 
Each command is mutual ly  exc lus ive  of t h e  o t h e r s .  Although any rata m y  be 
s e l e c t e d ,  t h e  planned usage f o r  Landsat-D i s  1 KBPS or 8 KBPS for real f i m  
telemetry da ta .  Telemetry v e r i f i c a t i o n  f o r  t hese  co nde i e  ob ta inad  from t h e  
monf t o r  CBITRAT. 
4.6.1 -2 .2  Telemetry Format S e l e c t i o n  
CUFLXF S e l  CU F lex  Format 
CUENCF S e l  CU Ens  Format 
CUMLSF S e l  CU Mission Format 
CPMFLX S e l  OBC F lex  Format 
These mutually e x c l u s i v e  commands are used t o  select t h e  t e l eme t ry  addres s  
sou rce  Used by t h e  CU f o m t  gene ra to r .  CUFLXF selects  a CU f l e x  format which 
can  be obta ined  from a progroturnable RAM i n  t h e  CU. Th i s  op t ion  is not  a v a i l a b l e  
ON Landsat-D. 
CUENGF and CUMiSF select  e i t h e r  of two fixed R O W S  o s  toLcmctry &dress  R O U F C ~ S .  
CUEKGF s e l e c t s  t h e  Engineering f o m a t  and CUrtTSF selects  t h e  Eiisniot~ f o m t .  
Another format source  is t h e  computer f l e x  fortimt which is s e l e c t e d  by CPMFLX. 
In t h i s  fo rmi t ,  t h e  0% p r o v i d e s  t h e  addres ses  from t s b l e a  which can be lorrded 
i n t o  t h e  ORC memory. 
Telemetry v e r i f i c a t i o n  € o r  these  c o m n d s  i s  obta ined  from t h e  monitor CFOFaT. 
4.4.1.2.3 D w e l l  Mode Commands 
DWELL,V D w e l l  on Ch. V (0-127)  
NODWLL D w e l l  Mode OFF 
S ix teen  p o s i t i o n s  i n  each te lemet ry  minor  frame have d i g i t a l  word assignments 
which remin unchanged. These f i x e d  words a r e  0-3, 32-35, 4 4 - 6 7 ,  and 96-99. 
t h e  DWELL,V command selects  t h e  dwel l  mode f o r  any &nor frame word ( V )  except 
t h e  f ixed  words. The s e l e c t e d  word w i l l  sppeenr i n  a l l  teleffietry l o c a t i o n s  
except  t h e  L,i f ixed  word l o c a t i o n s .  The NODWLL commnii i o  used t o  e x i t  from t h e  
dwel l  mode. Telemetry v e r i f i c a t i o n s  f o r  t h e s e  commands are obta ined  from t h e  
mon i to r s  CDWLMOD and CUh%CI!N. 
4.4.1.3 PMP Coaumonds 
Comwnd c o n t r o l  o f  t h e  PPPP ie a t t a i n e d  by d i s c r e t e  commands, and by ser ia l  
coamands t o  crddreeo 1 7 2 .  I n  o r d e r  t o  exccu tc  s e r i a l  conmands, the PKP ( A  or  B) 
f o r  which the  commends are  intended must be on. T h i s  requirement is i nd ica t ed  
by l i s t i n g  PMPAON or PKPRON 3s p r e r e q u l s i t e  comaands in Table 4 . 6 - 4 .  If t h e  
-
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a p p r o p r i a t e  t e l eme t ry  monitor (CPWPANF ob CPMPBNP) i n d i c a t e s  l o g i c  "1") i t  i s  
not  required to  send t h e  PMP ON c6mmand be fo re  serLding serial commands. 
4.6.1.3.1 PMP On/Off Ccintrol 
Each PMP has an  a s s o c i a t e d  power supply.  I n  normal ope ra t ion ,  both PW-e w i l l  
probably be on i n  d i f f e r e n t  ope ra t ing  modes. The: PMP t o  which s e r i a l  commands 
are addressed must be on t o  a c c e p t  serial  compatlnds. PMPAON and PHPPAOF c o n t r o l  
PMP A; PMPBON and PMPBOF c o n t r o l  PMP B. Telemetry v e r i f i c a t i o n s  fhl: t h e s e  
commands are ob ta ined  from t h e  monitors PMPANF and PMPBNF. 
4.6.1.3.2 PMP Input  Data S e l e c t i o a  
Each PMP a c c e p t s  i n p u t  s i g n a l s  from t h e  fol lowing sources:  
1. Real time t e l eme t ry  d a t a  from CU A 
2.  Real time tel.emetry data from CU B 
3. OBC mentory dump d a t a  from S T W T  A 
4. OBC I W D O ~ ~  dump d a t a  f 'roa STINT B 
5 .  Payload c o r r e c t i o n  data from PCD f o n n a t t e r  A 
6. Payload c o r r e c t i o n  d a t a  from PCD f o r m a t t e r  B 
7 .  NETR playback d a t a  (NBTR 1 is  ded ica t ed  t o  PMP A and NBTR 2 is  
dedicated t o  PMP B) 
8 .  Exte rna l  d a t a  (not  used on Landsat-I]) 
S e l e c t i o n  of i n p u t s  f o r  each PEP i s  c o n t r o l l e d  using t h e  coromands which a r e  
l i s t e d  below (ref'. Figure 4.5-1). 























NBTR playback data 
PCD from f o m t t e r  B 
CU A d a t e ,  XPNDR config.  normal 
CU A d a t a ,  XPNDR config. r e v e r s e  
CU B d a t a ,  XPNDR config.  a o r i m l  
CU 3 data, XPfTDR conf ig .  revereae 
STINT A d a t a ,  XPWDR config.  n o m 1  
STINT A d a t a ,  XPNDR config.  r e v e r s e  
STINT B data ,  XPFTBR config.  noma1 
STINT B d a t a ,  XPNDR config. r e v e r s e  
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The XPNDR c o n f i g u r a t i o n  normal/reverse  s e l e c t i o n  i s  imbedded i n  t h e  CU and STINT 
s e l e c t i a  commands. The PMP ou tpu t s  (ire app l i ed  t o  t h e  two t ransponders  ( r e f .  
F igure  4 . 6 - 3 )  I n  a c ross - s t r ap  arrangement so that ,  by proper  cominand, t h e  
s imultaneous connect ions of PMP A t o  t ransponder  A and B t o  B are obta ined  
(normal), o r  t h e  r eve r se  i s  obta ined  ( B  t o  A and A t o  B).  
I n  a d d i t i o n  to  t h e  above commands, each PMP can provide real time d a t a  from t h e  
s e l e c t e d  C3 t o  i t s  dedica ted  NBTR record  ampl i f i e r .  The on/o€f commands €o r  
t h i s  func t ion  c o n t r o l  power t o  d r i v e  a m p l i f i e r s  i n  t h e  PMP's. Commands r equ i r ed  
f o r  t h i s  f u n c t i o n  are PARTTN, PARTTP, PBRTTN, and PBRTTF ( r e fe rence  swi tch  P6 i n  
F igure  4 . 6 - 1 ) .  
4 . 6 . 1 . 3 . 3  PMP Output Mode S e l e c t i o n  
The d a t a  sources  deocribed in 4 . 6 . 1 . 3 . 2  are s e l e c t e d  in various curnbi r~~t icme f o r  
rou t ing  t o  e i t h e r  a STDN o r  TDRSS t renmit ter  ou tpu t  oa t he  PHP. Data to t h e  
S'61)M ou tpu t  is N E - M  bi-phase encoded and PSX modulated on a 1.024 14Nz 
s u b c a r r i e r  provided by t h e  a c t i v e  CU. D z t n  t o  Lhe T D X S S  ouiprit  io N U - M  encoded 
and provided on sepaza te  I and Q channel  outputs t o  the t r a n s m i t t e r .  The 1 
channel always con ta ins  real time te leuezry .  
A l l  i npu t lou tpu t  combinations are e s t a b l i s h e d  by s e l e c t i n g  t h e  appropr i a t e  PMP 
modes. The b a s i c  modes a v a i l a b l e  and t h e  conf igu ra t ion  of t h e  PMP switcriies 
necessary  are dep ic t ed  i n  F igure  4.6-2. The mode ou tpu t s  are turned o f f  through 
c o n t r o l  of power t o  the STDN and TDRSS output  ampl i f ie re .  The output  modes are 
l i s t e d  below. 
Mode A - Real t i m e  t e lemet ry  t o  STDN 
Mode B - R e a l  time te lemet ry  and OBC dump t o  STDN 
Mode C - Real t i m e  t e lemet ry  and NBTR o r  PCD t o  STDN 
Mode D - Real t i m e  t e lemet ry  and e x t e r n a l  d a t a  t o  STDN 
Mode E - Externa l  d a t a  t o  STDN 
Mode F - Real t i m e  t e lemet ry  t o  TORSS 
Mode G - Real t i m e  t e l e n e t r y  and O X  dump t o  TDRSS 
Mode H - Real time t e lemet ry  and NBTR or  PCD t o  TDRSS 
Mode Z - Real time te lemet ry  and e x t e n i a l  d a t a  t o  TDRSS 
Se lec t ion  of ou tpu t  mde  €or  each Pm i s  c o n t r o l l e d  using t h e  commands l i e t e d  
below. The PMP A-B t o  XPNDR A-B conf igu ra t ion  is imbedded i n  each command a5 
p a r t  of t h e  s e l e c t i o n  process .  A 'normal' comaand t o  e i t h e r  PMP c o n a e c t ~  PMP A 
ou tpu t s  t o  XPNDR A and PMP B ou tpu t s  t o  XPNDR B. A P r e ~ e r s e "  comaand t o  e i t h e r  
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R/T TO NBTR 
cu 
CIJ 
REAL TIME TLM DATA 
I 
STINT A 
S T I N T  B 
NBTR P/B OR PCD 
.- 
e 
S1 s e l e c t s  r e a ?  time t e l eme t ry  da t a  from CU A o r  B. 
S7 s e l e c t s  0% memory dump d a t a  from STXNT A o r  B .  
S18 s e l e c t s  payload c o r r e c t i o n  da ta  from fo rma t t e r  A or B, 
517 s e l e c t s  NBTR P /B  d a t a  o r  PCD. 
T h e r e  i s  no ex te rna l  da t a  i n p u t  t o  PEP from L a n d s a t  0, 
P6 t u rns  sn/3Ff- t e l eme t ry  d a t a  t o  NBTR record a m p t i f i e r .  
NBTR 1 is dedica ted  t o  FHP A and N5TR'2>aP@IBd 
Figure  4.6-1. PMP Input Data S ~ l e c t i o n  
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PMP/XPNDR Conf igu ra t ion  
Mode A normal 
Mode B normal 
Mode C normal 
Mode D normal 
Mode E normal 
Mode F normal 
Mode G normal 
Mode H n o m 1  
Mode I normal 
Mode select o f f  normal 
Mode A r e v e r s e  
Mode B r e v e r s e  
Mode C r e v e r s e  
Hodo D reverse 
Mode E reverse 
Mode F r e v e r s e  
Mode G r e v e r s e  
Mode H r e v e r s e  
Mode I r e v e r s e  
Mode select o f f  r e v e r s e  
4 . 6  .I .3.4 PMP Hard l ine  Outputs  
Each PMP has  a h a r d l i n e  o u t p u t  monitor  which can,  by command, supply t h e  
s e l e c t e d  i n p u t  d a t a  desc r ibed  i n  4 . 6 . 1 . 3 . 2  t o  t h e  module i c t e r f a c e  connec to r  € o r  
ground test monitor ing.  Hard l ine  o u t p u t  is a v a i l a b l e  simuy-taneously w i t h  any 
mode desc r ibed  i n  4 . 6 . 1 . 3 . 3 .  S e l e c t i o n  of o u t p u t  f o r  each monitor  is c o n t r o l l e d  
us ing  t h e  commands l i s t e d  below, and t h e  c o n f i g u r a t i o n  of t h e  select  swi t ches  i s  
d e p i c t e d  i n  F igu re  4 . 6 - 4 .  The o u t p u t s  are tu rned  on /o f f  through c o n t r o l  of 
power t o  t h e  o u t p u t  a m p l i f i e r  (on when s e l e c t i n g  data and o f f  f o r  a h a r d l i n e  off 
command 1. 





Nard l ine  Output 
Outputs  off 
R / T  t e l eme t ry  frcm CU A. or  D 
OBC memory dump from STINT A o r  B 
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4 . 6 . 1 . 3 . 5  Convolutional Encoding 
In t h e  TDRSS modes, a 1/2 rate l e n g t h  7 convo lu t iona l  encoder can be app l i ed  to 
t h e  I and Q channel? independently by command. Encoder i n / o u t  s e l e c t f o r .  is 
c o n t r o l l e d  us ing  t h e  commands l i s t e d  below, and t h e  conf igu ra t ion  of  :he seleci 
switches is shown i n  F igu re  4.6-2. 





I and Q channel  encoders on 
I and Q Channel encoders off 
I channel encoder o f f ,  Q channel  encoder on 
I channel encoder on ,  Q channel  encclder o f f  
4 . 6  .I .L Transponder Cormna.id5 
Cornmnd c o n t r o l  of t h e  t ransponders  is a t t a i n e d  by d i s c r e t e  coainands which 
enah le /d i sab le  power t o  the  t r s n s p o r d e r  e ronsmt t t e r s ,  and by ser ia l  c5m;;tands t o  
addres s  173 ( t ransponder  A)  and. nddrczs Xi4 ( t r ansponder  B).  
The t ransponders  can be commanded i n t o  e i t h e r  a TDRSS o r  STDN mode as required.  
Both transponder t r a n s m i t t e r s  should n o t  b? on a t  t h e  same t i m e  i n  t h e  3am 
modes. Having both on i n  d i f f e r e n t  m d e a  is accep tab le .  Upon i n i t i a l  
a p p l i c e t i o n  of s p a c e c r a f t  power, or a f t e r  power r e s t o r a t i o n  subsequent: t o  a 
temporary d i s r u p t i o n ,  each t ranspcnder  w i l l  assume t h e  fol lowing state:  
Receiver O i i  i n  dua l  mode 
Low TDRSS commzind r a t e  s e l e c t e d  
Tranoni t t e r  o f f  
LCJ codu la t ion  index s e l e c t e d  
STDN te lemetry i n p u t s  1 and 2 o f f  
STDN ranging o f f  
Autom t i c  t r a n s m i t t e r  turn-on i n h i b i t e d  
Automatic BUX o s c i l l a t o r  t o  VCO t r a n s f c r  enabled (allowcd) 
4.6.1. .4 .I. 
Both transponder r e c e i v e r s  are always p o u e r 4 ;  t h e r e  is DO o f f  command. Each 
r e c e i v e r  has t w c  commandable modes se l t s i t ed  by t h e  fol lowing commands : 
Transponder Receivel'  ConimnJs 
RCVR A RCVR B Mode -- -- -
TARSTM TBRST?? 
TARSMO TBRSMO 
Dcal STDN/TDRSS a c q u i s i t i o n  





In the d m l  mode t h e  receiver  s imul taneous ly  sea rches  for t ho  
carrier s iganl  an3 t h e  SITN rcsidwd.-cnrricr ~igral, wad eutcFarntfeally 
r econf igu res  i t s  c i r c u i t s  t o  process ~ h i c h e ~ e r  s f g r ~ d  t@ <e 
signal d e t e c t e d  is i n d i c a t e d  by the- telewtry r&n%tOr5 C i 3  
t h e  STDN only code the r e c e i v e r  3 %  con€igurd t c  w e p t  a 
Teleme t r y  w r ?  f ica t ion of the receiver =de eo n& a m  obteined C r a  t h o  
mor.itoro CXPASTI? and CXPBSTD. 
When B STDN s igns i  is de tec t ed .  t h e  command detectcrs in t h e  receivers are 
eoutnlnartically conf igured  t G  xce$t  t h e  STDN .“ KIP!; coatmind rata. The command 
Ge tec to r s  can  be conf igured  by comarid to a z c e p t ,  I n  the TDRSS de o n l y ,  e i t h e r  
a medium (1 KRPS) or lov (125 BPS) ;omnand rate. There :r no c 
selection for STDN r ecep t ion .  
us ing  t h e  commands l i s t e d  below. Te l tmet ry  v ? r i f f e a t i u r w  nf t h e  c 
ob ta ined  from the -wnitoter CXPADET snd CXPBDET. 
The TDRSS cammnd rate  s e l e c t i o n  l o  a 
4 -6. i - 4  - 2  SllfN T r a n m i  6 t e r  i-leaetry end Rmngf Cort ro l  
Each transpofider ha.: ~ V O  i n p u t  p o r t s ,  &sigfiat& telemetry inputs  1 and 2 ,  t o  
accep t  S’SDS t e l eme t ry  dortfi lor t r lansa tes ion .  Provisfote are =de for t u rn ing  
t h e  STDN 2 a t a  i n p u t  channels on or o f f  by co-nd. Inpu t  2 l a  not used o n  
Londsat-3 3nd should be l e f t  i n  t h e  off sta te .  Input 1 r e c e i v e s  & e &  from 
e i t h e r  PXP W or B which is  r o n t r o l l e d  by t h e  PMP STDN mode select  co 
Paragraph 4.6.1.3.3). CoasrsnCs required for  te lemet ry  input  c o n t r o l  are l i e z e d  
below and dep ic t ed  in Flgure 4 . G - S .  There no t e lemet ry  laoni tors  a s s o c i a t e d  
wi th  these  commnds. One poss ib l e  ndicat.lon of l i n e  ‘1 on/off i s  
presence/absence of t e l eme t ry  Aata i n  the S downlink d a t e  stream. 
TAT1 1 h’ TRTLl!: 
TATLl F TSTL‘ F 
TATL2F TBTLZF 
TAT LZS sr BTJ,: N 
nsl i npu t  1 o n  (see Paragraph 4.6.1.4.4) 
’;LfiI i npu t  1 o f f  
TLM inpu t  2 on (mot used)  
?zpI i n p u t  2 off 
Xie turn-around ravgfnp, func t ion  fn a transponder is nvahlal’tlc o n l y  vhcn the 
recclver is locked t o  CI STDF; o r  TDRSS forward link sign&. S’TUh’ r a r ~ t n g  (not 
”PIIRSS) can be e n a b l e d / d i s a b l e d  by t h e  commands 1isteA below and dep ic t ed  in 
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XPNDR A WNDR B 
TAERKG TBERNC 
TADRNG TBDRNG 
-- --- STDN Rariging Funct ion 
Enable 
D i s a b l e  
-- 
4.6.1.4.3 Automatic O s c i l l e c o r  T r a n s f e r  Commands 
I f  t h e  r e c e i v e r  is not locked t o  a forward l i n k  s i g n a l  t h e  t ransponder  
au tomat i ca l ly  selects an d n t e r n a l  q u a r t z  o s c i l l a t o r  (TCXO) t o  o b t a i n  t h e  
t r a n s m i t t e r  d r i v e  frequency. When t h e  receiver is locked t o  a STDN or TDRSS 
s i g n a l ,  t he  t ransponder  can au tomat i ca l ly  s u i t c h  t o  a v o l t a g e  c o n t r o l l e d  
o s c i l l a t o r  (VCO) i n  t h e  receiver to  c o n t r o l  t h e  t r a n s m i t t e r  d r i v e  frequency to  
e x a c t l y  2bOf221 times t h e  received frequency. The t r a n s f e r  from TCXO to  VCO m y  
be i n h i b i t e d  by command so t h a t  t h e  t r a n s m i t t e r  d r i v e  frequency is always 
c o n t r o l l e d  by t h e  TCXO ( r e f  - Figure 4.6-6). Cormwnd v e r i f  i c t l t i ons  are obtained 
from t h e  Doni tors CXPAOSC and CXPBOSC. 
TkAOW TEAOVN 
TAAOV F TBAOVF 
Allow (enable) 
I n h i b i t  (d i nnble ) 
4.6.1.4.4 Transmi t t e r  On/Of f Control  
P a r e r  t o  t h e  t r a n s m i t t e r s  is enabledfdiaobled by comasand8 e x t e r n a l  50 t1.e 
t ransponders  ( r e f .  F igu re  4.6-7). These commands l i s t e d  below, are for backup 
use only; t r a n s d e t e r  onfoff c o n t r o l  should be obtained by commands t o  t h e  
t ransponder  wi th  t h e  trsnsmitter 
obtained f r o a  t h e  monitors CXNTAED 
As i n d i c a t e d  above, t r e n s d t t e r  
power enabled. Co nd v e r i f i c a t i o n s  are 
and C W B E D .  
Transmi t t e r  Primary Power 
Enable 
Disable  
on/off  c o n t r o l  should be accomplished by 
transponder comands i n a t e a d  of the t r ans ro l t t e r  power ermblrfdicabEe comanda. 
This requirement fs i n d i c a t e d  by l isting X.3TRA.E and PJZRBE 88  pri?requlbPee 
commands i n  Table 4.6-4. I f  t h e  approprinre t e l eme t ry  nonitor (CXKfAED o r  
CXMTBED) i n d i c a t e s  l o g i c  "l", i t  is not r equ i r ed  t o  send t h e  enab le  co-nds 
before  sending t r a n s m i t t e r  on/off  c o  
The t r e n s m l t t e r s  can be coramanded on f n  either a TDXSS or STDN mode. IR t h e  
STDN =de ,  e i t h e r  EZ h igh  o r  low modulation index can be s e l e c t e d ;  T D R S  
uodu l s t ion  index is nutozxatically s e l e c t e d  and not  corn-ndable.  Due t o  ene 
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p o s s i b i l i t y  t h a t  S'I7.N t e l eme t ry  1 i n p u t  may be off  (Paragraph 4.6.1.41, each 
STDN ttensntitter on comrannd inc ludes  t h e  te lemet ry  input  f crn comaand. The 
t r a n s m i t t e r s  also have an au tomat ic  on mode i n  which the t r a o a m i t t e r e  w i l l  
a u t o a a t i c a l l y  t u r n  themselves on when they  achieve  lock with 8 forward l i n k  
s i g n a l ;  t h i s  mode can be allowed o r  i n h i b i t e d  by corma~nd. There is no au tomat i c  
t r a n s m i t t e r  o f f  f e a t u r e .  The transmitters m u s t  be co  nded o f f  from any on 
mode. The t r a n s m i t t e r  on /of f  commands are l i s t e d  below and dep ic t ed  i n  F igu re  
4.6-7.  





T W I N  TBAXIN 
TAAXIF TBAXIF 
STDN on, high mod index, TLM 1 on 
STDN on, low mod Index, TLM 1 on 
TDBSS on 
STDN and TDRSS off 
I n h i b i t  au tomat ic  turn-on 
Allow automat ic  turn-on 
Command v e r i f i c a t i o n s  are obte ined  €rorn t h e  n t o ~ i t o t ~ ~  CXWTAiiF, CXTfBNF, CXPAWD, 
CXPBHOD, C X P M ,  CXPaXMT, CAUTXHA and CAUlX!!B. 
4.6.1.4.5 TDRSS Transmi t t e r  PH code Cornourads 
Each t ransponder  has  two TDRSS i n p u t  p o r t s ,  des igna ted  I and Q channel  i npu t s .  
Data t o  these  p o r t s  are f r o m  e i t h e r  PMP A or B and c o n t r o l l e d  by t h e  PKP TDRSS 
mode select commands (ref. Paragraph 4.6.1.3.3). These d a t a  may o r  may not be 
convo lu t iona l ly  encoded by t h e  PI* ( r e f .  Paragraph 4.6.1.3.5). By commend 
c o n t r o l ,  e t t h e r  i n p u t  can be PSK modulated wi th in  t h e  t ransponder  wi th  a PPI code 
of 3M ch ips  p e r  second. The commands f o r  PN code c o n t r o l  i r e  l i s t e d  below and 
depic ted  i n  F igu re  4.6-7. Command v e r i f i c a t i o n s  are obta ined  from t h e  monitors 
CXPAPNI , CXPBPN I ,  CXPAP NQ and CXPBPNQ. 





X & Q chan on 
I chan o f f ,  Q chan on 
I chsn on, Q chan o f f  
I & Q chan o f f  
4.4.1.5 Feed Conf igura t ion  Cootrol 
RF signals t o  and from t h e  t ransponders  are routed  to output  p o r t s  on t h e  CdDH 
module f o r  connec t ion  t o  an RF Combiner unit i n  t h e  Instrument Module f o r  
d i s t r i b u t i o n  t o  t h e  omni and h igh  ga in  an tennas .  Coramand c o n t r o l l e d  RF t r a n s f e r  
swi tches  are used i n  t h e  t r ansmi t  s i g n a l  pa ths  t o  allow t r a n s m t t t e r  t o  
be connected t o  e i t h e r  o m i  or high  ga in  ou tpu t  y r t s .  When a t r ansmi t t e r ' s  
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output  is t i e d  t o  e i t h e r  p o r t ,  t h e  o t h e r  po r t  is terminated wi th  a 50 ohm Po 
Receiver i n p u t s  are not  switched;  they are nlwaye connected t o  t h e  o m 1  p o r t s .  
The commands r equ i r ed  f o r  RF switch c o n f i g u r e t i o n  a r e  l i s t e d  below and depic ted  
i n  F igure  4.6-8. I n  o r d e r  t o  effect  a conf igu ra t ion  change i t  is neceesary t o  
f i r s t  select  the  RF switch 28 V bus c o n s i s t e n t  w i th  t h e  RZU l a  use .  Affer bus 
s e l e c t i o n ,  any of t h e  t h r e e  RF conf igu ra t ion  comno.ande can  be executed t o  o b t a i n  
the des i r ed  t r a n s m i t t e r  feed connec t ions .  







H i  Gain 1 
om1 1 
H i  Gain 2 
0mni 2 
omni 2 
"Ei ther ,  not  both. 
Comraand v e r i f i c a t i o n s  are obcoined from t h e  monitors  C28VRFS and CRFSWC. 
4.6.1.6 OB&-STINT Commands 
R I U  1 provides  d i s c r e t e  comands  f o r  t h e  fo l lowing  OBC r e l a t e d  func t ions :  
o power supply  s e l e c t i o n  f o r  t h e  STINT, CPM and memories. 
o . memory conf igu ra t ion  con t ro l .  
o computer f a i l u r e  d e t e c t i c n  c i r c u i t r y  con t ro l .  
4.6.1.6.1 Power Supply S e l e c t i o n  and Cont ro l  (Figure 4 . 6 - 9 )  
The C&DH power c o n t r o l  u n i t  con ta ins  two OBC/STINT power SUppliC6. Each is 
dedica ted  (f.e. A eo A and B t o  B )  t o  an assoc ia t ed  o s c i l l a t o r  c i r c u i t ,  R 
computer f a i l u r e  d e t e c t i o n  cf rcuie  and a STILNTICPM combination. Power supply 
turn-on is accompliehcd by t h e  STIhT-NSSC O N  commands, which a l s o  energ ize  t h e  
compcn~cr~ .  Either nupply  wiry be selected f o r  e n e r g i z b q  all m i ~ ~ o r i f ~ ;  however, 
thc QBC-STit?T p a i r  corresponding t o  the power supply  se l i c t cd  f o r  the uemoriea 
(A-A and E-B> n u s t  be used. The  commsnds f o r  power supply s e l e c t i o n  and c o n t r o l  
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OBC-STINT B - 
SPAhI02 SPBMOZ 
SPAMl3 SPBMl3 
STNSAN QR (ON) STNSBN OR (ON) 
STNSAO (OFF) STNSBO (OFF) 
Both power s u p p l i e s  s h a l l  not be on s imul taneous ly ,  end bo th  must be o f f  when 
can f igu r ing  t h e  memories (4.6.1.6.2). Command v e r i f i c a t i o n s  are ob ta ined  from 
t h e  moni tors CPWRMOZ I CPWRM13, CSTOBCA, CSTOBCB. 
4 .6  .1.6.2 
The f u l l  complement of e i g h t  nremories c a n  be configured by e n a b l e l d i s a b l e  
commands by which t h e  memories are enabled  i n  p a l r s  and d i s a b l e d  i n  groups of 
four .  As i nd ica t ed  i n  Table 4.6-4, t h e  p r e r e q u i s i t e  Ear any memory 
enab le /d f sab le  command Is both OBC/STXW power oupplfea UUSf be off  to prevent 
damage t o  the  memories o r  relays.  The memory conf igu ra t ion  commands are l i s t e d  
below and depic ted  i n  F igu re  4.6-10. Commnd wrLf . lca t ions  are obta ined  ftam 
t he  monitors CMEMOED, CWMLED I C E H Z E D ,  arid CFEM3EU. 
Memory Conf igr l ra t ion  Commands 
EEMOEN MEMlEN 
EEHZ EN MEM3EN 
ME.IEMO?D MEM13D 
4.6.1.6.3 Computer F a i l u r e  Detec t ion  Commends (F igure  4.6-1 1) 
Each STINT-CPM p a i r  has i t s  own f a f l u r e  d e t e c t i o n  c i r c u i t  which 
t h e  ded ica t ed  power s u p p l y .  The c i r c u i t  checks t h a t  t he  
is powered by 
power supply 5 V 
secondary vo l t age  is wi th in  p re sc r ibed  l i m i t s ,  and t h a t  a computer 1-second 
command has been rece ived  from t h e  OBC v i a  e i t h e r  R I U  A o r  B w i t h i n  t h e  l a s t  3 
seconds. If e i t h e r  cond i t ion  i s  not s a t i s f i e d ,  t h e  f a i l u r e  d e t e c t i o n  c i r c u i t  
gene ra t e s  a h a l t  s i g n o l  t o  t h e  computer. The c i r c u i t r y  can be enablcd /d isab led  
by command. I t  must be d i sab led  i n  o r le r  t o  s t a r t  the  computer because a h a l t e d  
computer does not  g e n e r a t e  t h e  1-second commands used by the f a i l u r e  d e t e c t i o n  
c i r c u i t .  The commands a s s o c i a t e d  wi th  t h e  f a i l u r e  d e t s c t l u n  circuits a re  l t r t e d  
below. Telemetry v e r i f i c a t i o n s  f o r  t h e  e n n b l c l d i s n b l e  fw1ctfor.s ere obtained 
from the  monitors CCFDAED and CCFDBED. The only  v e r i f i c a t f a r  of t h e  1-second 
comwnds is t h a t  t h e  CBC has not ha l t ed .  
QDC A -- OBC B -- 
CPFDDA CPFDDB 
CPFPEA CPFDEB 
C A l S E C  CElSEC 
Computer F a i l u r e  Dztec t ion  
Disable  
Enable 
(From opera t ing  OSC) 
:t-111 
" i  
/ 
I 
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4.6.1.7 R I U  Control  -
The CCDH R I T s  ( R I U  1 A  and 1 B )  are connected i n  a redundant c o n f i g u r a t i o n  such 
t h a t  e i t h e r  call provide coamunication between t h e  CU and o t h e r  CCDH components 
v i a  t h e  mul t ip lex  d a t a  bus (MDB). An ?.IU has  t h r e e  modes: Off ,  Standby 1, and 
Standby 2 ( f u l l  on).  I n  t h e  Staridby I Node, :he R I U  channel  can receite only 
d i s c r e t e  commands. I n  a l l  modes, t h e  power c o n v e r t e r s  i n  b o t h  R I U s  are on and 
both of t h e  MDB redundant superv isory  l i n e s  are cont:inuously monitored by t h e  
R I U s  
I n  normal o p e r a t i o n ,  one R I U  w i l l  be i n  t h e  Standby 2 state  and i ts  mate w i l l  be 
i n  t h e  Off state.  When power is  r e s t o r e d  a f t e r  i n t e r r u p t i o n ,  both w i l l  r e t u r n  
t o  t h e i r  p r i o r  s t a t e s .  I n  o r d e r  to  a c t i v a t e  t h e  a l t e r n a t e  R I U ,  i t  is necessary 
t o  address  two commands, SRIUEN and RIUSBZ, t o  t h e  o f f  RIU.  SRIUEN causes  a n  
Off R I U  t o  assume t h e  Standby 1 state. I n  t h i s  mode i t  can only  a c c e p t  d i s c r e t e  
commands. RXUSP2 i e  then  s e n t  t o  t h e  same K I U ,  which causes  i t  to  assume t h e  
Standby 2 ( f u l l  on)  s t a t e  and s i - ,ul tnneously p l a c e  i t s  mate in Che O f f  s ta te .  A 
backup mate o f f  command, NR’LUDf, is  provided i n  t h e  eveat RIUSBZ faFis t o  p lace  
t h e  mate R I U  i n  t h e  Off s t a t e .  P l f f I U l i Z  should be addressed o n l y  t o  a RIU i n  t h e  
Standby 2 s ta te ,  and never  t o  m e  i G  t h e  StanZby 1 sta te .  The latter condi t ion  
w i l l  r e s u l t  i n , m e  RZU f f f  and t h e  o t h e r  i n  Stnn;tby 1 caus ing  t h e  OBC, which 
r e q u i r e s  a f u l l  on R I U  f o r  self-checklng,  t o  h a l t .  
Command v e r i f i c a t i o n s  a r e  obtained from t h e  monitors CRIUSBA and CMATENF. 
4.6.1 .ir Module Seater Control  
I_- -
The CCDI-! c o c t a i n s  e i g h t  module h e a t e r s ,  configured redundant ly ,  wi th  f o u r  
h e a t e r s  on each of two i d e n t i c a l  c i r c u i t s .  Each c i r c u i t  conta ins  f o u r  r e s i s t i v e  
f i v e  w a t t  h e a t e r s ,  each of which i s  c o n t r o l l e d  by a mechanical thermostat  having 
set p o i n t s  of 4.4 i-2.8 degree6 C c l o s e  and 12.8 22.8 degrees  C D i s c r e t e  
commands (HTRLEN a n d  H T R l D I  f o r  t h e  prime h e a t e r  c i r c u i t ,  and HTRZEN and HTR2DI 
f o r  t h e  redundant h e a t e r  c i r c u i t )  provide e n a b l e / d i s a b l e  c o n t r o l  f o r  t h e  h e a t e r s  
a s  shown i n  F igure  4.6-12. Telemetry v e r i f i c a t i o n s  f o r  t h e s e  commands a r e  
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H Y R l  DI 
I +28v> 
P R I M E  H T R S  
R E T U R N  >--------- 
t i T R  2 D  I 
RED. H T R S  
= M E C H A N I C A L  THERMOSTAT 
Figure 4 . 6 - 1 2 .  C&DK Plodule Weater Couttol  
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4.6.2 COEIMAN1) SEQLTEliiCES 
4.6.2.1 Cent ra l  Sequences 
When power is f i r s t  a p p l i e d  t o  t h e  CKDB module, both c e n t r a l  u n i t s  will a 5 s m  
t h e  o f f  (s tandby)  state with i n t e r n a l  o r a i l l a t o r  s e l e c t e d ,  1 KBPS t e lemet ry  b i t  
r a t e  s e l e c t e d ,  and t h e  engineer ing  te lemet ry  foxmat s e l e c t e d .  To achleve  the 
coma: CU conf igurac ion  f o r  Laodsat,  t h e  Following sequence should be addressed 
t o  t h e  (3 (A  or S: d e s i r e d  to be acefve: 
CLTMAFl Mate CU OFF 1 
GuMAF2 Mate CIj OFP 2 
CUSLFN Sel f  CU ON (WT. OSC. S a .  and FWR ON) 
CUEXON SEL. EXT. OSC - S e l e c t  d e s i r e d  bit: rate (normally B R 8 B )  - S e l e c t  d e s i r e d  fomat.  (normally CUXISF) 
If  i t  i s  d e s i r e d  t o  swi tch  from an a c t i v e  CX t o  ehe alternate (standby) GUS th5 
fo l lowiq  sequerx should be addredsrid to trip ~ t a n d b y  CU. Note eRat c h i s  
svitchorer sequence w i l l  resuSt bn an fnrerruptlnn of a l l  telemetry and covmcnd 
fr;nctions,  inc luding  those EO the QRC. 
- Halt t h e  OBC 
C L W I  
CUM-F2 
CUSLFN - Start t h e  OBC per 4.6.2.2 o r  4 .6 .2 .3  
4 .e - 2 . 2  OBC Memory C o n f i g t r a t i o n  Sequc?nces 
Both OBC p w e r  s u p p l i e s  must be off when c3nf igur ing  t h e  memories t o  prevent  
Gamage t o  t h e  memories or r e l a y s .  






- Configure memories (Paragraph 4.6.1.6 2)  
SMS~?E - S t a r t  t h e  ORC 
CP FG EA 
4-1 16 




4 . 6 . 2 . 3  OBC Restart 
-I.- 
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switchover ,  t h e  OBC restart procedure (Paragraph 0.6.2.3) should be 
used t o  r e s t a r t  t h e  computer. 
3. CU serial commands (address  170) should  ha s e n t  on ly  t o  t h e  
The o f f  ( s tandby)  CU will a c c e p t  spscicil  commttnde o n l y ,  and w i l l  
ignore s e r i a l  commands w h i l e  in the o f f  s tn t , r .  
6.6.3-.2 OBC/STINT C o n s t r a i n t s  
1. Both OBC/STIh’T power supplies must be off  when conf igur ing  t h e  
memories (Paragraph 4.6.2.2). 
To s a t i s f y  OliC o p e r a t i o n a l  c o n s t r a i n t s ,  only one OBC/STINT p a i r  should 
be on a t  any time. Bock should not be on s imultaneously.  
2 .  
3. To avoid i n u d w r t e n t  a c t i v a t i o n  of the O K  f s t l t i r a  deterczion Circuit, 
t h e  command seqrience in 4 . 0 . 2 . 3  i s  requi red  t o  s t a r t  a h a l t e d  
conput er  . 
4.6.3 - 3  Transponder C o n s t r a i n t s  
1 .  The t r a n s m i t t e r  power enwhle/.iisable cornmiids should not  be used t o  
t u r n  t h e  t r a n s m i t t e r s  on and o f f  ( r e f .  Parngraph 4.6.1.4.6). 
2 .  Both t r ~ n s m f t t e r s  hould not  be on in t h e  s m e  mode, but both may be 
on i n  d i f f e r e n t  modes. 
4.6.3.4 RF Switch Constraint? --- 
1. RIU 18 must be o r ~  to  execute  cornrmnnd SflSAKF (Parsgraph 4 . 6 . 1 . 5 ) .  
Conversely,  RIU 1 B  must be on Eo executa command S28BE;F. 
1 ,  The trnnaponder t r a n e n i t t c r s  should be off  when r e c o n f i g u r i n g  t h e  RF 
swltchee t o  prevent potptpih~e ewitch damage. 
b . 6 . 3 . 5  Constraints - 
1.  I n  o r d e r  t o  e x e c u t e  PMP ser ia l  comasnds ( sddre5~3 172). t h e  PKP ( A  o r  
8 )  f o r  which t h e  commands are intended m u s t  be on. 
LSD-k‘f’C-26 3 
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4.6.3.6 RLU Constratnts 
1. The backup Piate Off command (MRIUDI) should be addressed only t o  .a RIU 
i n  the Standby 2 state (ref. Paragraph 8.6.1.7). 
4 -6.4 FUNCTIONAL SCXWATICS 
This s e c t i o n  provides functional  schematics iis BR a i d  to  understanding the 
command in ter face .  The functional schematics care provided as  information only 
and are superseded by the exact c i r c u i t s  defined on the  66DY drawings. 
SV S- 1026 6 
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Operation of the  CtDH system is monieored v i a  121. te lemetry channels  from R I U  1 
and t h e  ceatraL u n i t  (CU). d i r e c t l y  
by t h e  Cue R I U  1 provides  the  remaining channels  of which 9 axe a c t i v e  analog,  
19 are passive (\?or.ditioned) analog r e q u i r i n g  a 1 milliampere w r c e  from t h e  
RXU, 77 a r e  b i l e v e l  d i g i t a l ,  and 8 are s e r i a l  d i g i t a l .  
E igh t  serial d i g i t a l  c:*a.nnels are provided 
The monitors are l i s t e d  i n  Table 4.7-L by fuac t fon  name and acronym. 
I n  the t a b l e ,  s i g n a l  t ypes  a r e  designated ALOG f o r  a c t i v e  analog,  PASS f o r  
pas s ive  analog, S f o r  s e r i a l  d i g i t a l ,  and B f o r  b i l e v e l  & @ t a l  func t ions .  The 
numbers a s s o c i a t e d  w i t h  t h e  S and B n s t a t i o a s  i n d i c a t e  b i t  numbers of t h e  $-bit  
d i g i t a l  word (where b i t  0 i s  t h e  MSB). SWL RATE d e € i n  t h e  number of t i m e  a 
func t ion  is  sampled i n  a t e l eme t ry  major frame. Telemetry matrix l o c a t i o n s  €o r  
C&DH func t ions  are t h e  same i n  both t h e  Mission and Engineering eelemetry 
formats. 
te lexletry 
Teleffietry func t ion  d e e c r f p t i o n s  are presented in Sect ions 4.7.1 and 4.7.2. 
T e l e a e t r y  derivation c i r c u i t s  f a r  selected funct l sns  are presented in Scctioti  
4.7 * 3 .  For i n f s r a z t i o n  regarding calibration curves for the telersetercd 
f u n c t i o n s ,  see Appendix A.4 .  
4-120 
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4 7 1 ANALOG TELEMETRY FUNCTIONS 
The C&DB system u t d l i z e s  25 ana log  t e l eme t ry  channels  o f  which 19 are pass ive  
ou tpu t s  providing tempera ture  ind ica t ions .  Pass ive  analog ou tpu t s  are unpowered 
except  du r ing  sampling,  a t  which time t h e  R I U  provides  a 1 cur ren t  
6ource Active analog channels  
are energ ized  by t h e  C&DH power s u p p l i e s ,  r a t h e r  t han  t h e  R I U .  
Th i s  s e c t i o n  p r e s e n t s  ana log  te lemet ry  d e s c r i p t i o n s  u s i n g  t h e  acronyms i n  
4.7-1. Where 
ease i n  understanding.  
Operat ing limits appear  i n  Table 4.7-2. The l i m i t s  shown were s e l e c t e d  f o r  
warning of p o t e n t i a l  problems dur ing  ground t e a t  environments. I n  o r b i t a l  
ope ra t ion ,  t h e  t e l eme t ry  func t ions  should remain w e l l  w i t h i n  t h e s e  l i m i t s .  
Telemetry d e r i v a t i o n  c i r c u i t s  f o r  s e l e c t e d  analog furicetons are presented  2 n 
Sec t ion  4 . 7 . 3 .  
mill!-ampere 
t o  the  pas s ive  channel  as t h e  ou tpu t  is sampled. 
Table  
p o s s i b l e ,  monitors  have been c o l l e c t e d  into f u n c t i o n a l  groups for 
4-f2G 
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Table  4.7-2. CdDH Analog Telemetry L i m i t s  
Funct ion Mode Limits Units 
CPMPTMP S I C  ON 0-35 DEC C 
CCUATMP S / C  O N  5-40 DEG C - CCUBTMP S I C  O N  5-40 DEG C 
CPCUTMP S I C  ON 0-3 5 DEC C 
CTRIUA S / C  O N  0-3 5 DEG C 
C T R I  UB S / C  O N  0-35 DEG C 
CTRIUAB S / C  ON 0-35 DEG C 
CTSTNTA S I C  ON 5-40 DEG C 
CTSTNTB S I C  ON 5-40 DEG c 
CTX PAB s/c 0 %  0-3 5 DEC c 
CTAG 10 s,’c ow 0-31i DEG C 
CTA6 L 1 s/c ON 0-35 DEC C 
CTPEM03 s/c OIU’ 0-3 5 DEG C 
CTX FB PA s/c oh’ 5-45 DEG C 
CTX PAX0 S / C  ON 5-43 DEG C 
CTXPBXO S I C  ON 5-40 DEG C 
CTESOSC S I C  ON 10-40 DEG C 
CTXOVEN S I C  ON 7 8-88 DEG C 
CVEXOSC S I C  ON 10.6 - 12.6 VDC 
CVXOVEN S/C O N  15 - 17.5 V DC 
DBM 
DBM 
CXPAFWD XMTR A O N  TBD DBM 
C S P B F h ?  XMTR 3 ON T5D D B 3  
CKFARZV XXTR A O N  T 5D DB 
CXPBREV XPITR B O N  T BD DB 
CTXFAPA s/c ON 5-4 5 DEG L‘ 
CUNRG28 s/c ON 21.5 - 32.5 VDC 
CACCSPA S I C  ow -- 
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4.7.1.1 +28 Volt  Unregulated Bus (CUNRGZS) 
Th i s  func t ion  i n d i c a t e s  t h e  magnitude of t he  unregulated vc l t age  provided by t h e  
Modular Power Subsystem ( M P S ) .  The te lemet ry  vo l t age  is  de r ived  from a 
r e s i s t i v e  d i v i d e r  a c r o s s  the  C&DH unregulated bus input .  
-- -
4.7.1.2 Externa l  O s c i l l a t o r  Monitors- 
4.7.1.2.1 Exte rna l  O s c i l l a t o r  Case Temperature (CTEXOSC) 
Ex te rna l  O s c i l l a t o r  Oven Temperature (CTXOVEN) 
CTXOVEN i n d i c a t e s  the  oven temperature  of t h e  temperature  c o n t r o l l e d  c r y s t a l  
o s c i l l a t o r  u t i l i z e d  on Landsat-D as the  u l t r a - s t a b l e  e x t e r n a l  oscl  l l a t o r  
s e l e c t a b l e  by t h e  command CUEXON. When power i s  f i r s t  appl ied  t o  t h e  
s p a c c c r a f t ,  t h i s  func t ion  w i l l  i n d i c a t e  a slow rise i n  tempera ture  u n t i l  t h e  
oven c o n t r o l l e r  reaches  i t s  set poin t  (nominally 83 degrees  C). Once 
temperature  s t a b i l i z a t i o n  is  achieved,  t he  c o n t r o l l e r  will mainta in  the  oven 
t e n p e r s t u r e  wi th in  a degree  o r  ttro. 
CTEXOSC i n d i c a t e s  the  temperature  of the  e x t e r n a l  o c c L l l a t o r  case. The czse 
temperature  should remain a t  o r  near  t he  CdOf3. module temperatures .  The oven is 
t 5 e w a l l y  i s o l a t e d  from Lhe case  and t h e r e  should be l i t t l e  ai no h e a t  t r a n s f c r .  
Telemetry d e r i v a t i o n  c i r c u i t s  f o r  bo th  func t ions  are presented  i n  F igure  4.7-1. 
4.7.1.2.2 Externa l  O b c i l l a t o r  Reguiated Voltage (CVEXOSC) 
Ex te rna l  O s c i l l a t o r  Oven Voltage (CVXOVZR) 
CVEXOSC i n d i c a t e s  t h e  regula ted  vol tage  app l i ed  t o  the  o s c i l l a t o r  e l e c t r o n i c s ,  
and CVXOVEN i n d i c a t e s  t h e  vLltage apoJied t o  t h e  oven temperature  c o n t r o l l e r .  
Telemetry vo l t ages  for both  monitors  a r e  der ived  from r e s i s t i v e  d i v i d e r s  a s  
shown i n  Figure 4.7-2. 
4.7.1.3 Transponder Temperature Monitors -- 
XPNDR B 
TCXO Tenperature  CTX P&YD CTXPBXO 
-- XPNDR A -- 
Power Ampl i f ie r  Temperature C TX PAPA CTXPBPA 
Funct ion 
-I 
CTXPAXO and CTXPBXO i n d i c a t e  the  tempera tvres  of t he  temperature  conpensated 
( n o t  oven c o n t r o l l e d )  c r y s t a l  o s c i l l a t o r s  i n  the  t ransponders .  TCXO temperature  
can  be used t o  p r e d i c t  and v e r i f y  transmi:ter f requency from d a t a  obta ined  
dur ing  t h e m l / v a c u u m  tests. 
CTXPAPA and CTXPBPA i n d i c a t e  t h e  t e7pe ra tu res  of t h e  t ransponder  power 
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i n  Table 4.7-2. I f  power a m p l i f i e r  temperature  reaches t h e  r e d l i n e  l i m i t  l i m i t s  
of 60 degrees  6, t h e  a f f e c t e d  t r a n s m i t t e r  should be t u rned  OFF. 
Telemetry d e r i v a t i o n  € o r  a l l  t ransponder  ZeEpcrature f u n c t i o n s  is presented !n 
F igu re  4 -7-3. 
4.7 .I .4 
Five  temperature  senso r s  are loca ted  on t h e  i n n e r  s u r f a c e s  of t h e  C&DH module t o  
i n d i c a t e  module temperatures  F igu re  4.7-5 shows t h e  loca t ione  of t h e  monitors 
which are l i s t e d  hc'.ow. 
_C&DH Module S t r u c t u r e  Temperature Monitors 
CTRIUAB - modt7.c temp between R I U  A and B 
CTMEM03 - module temp between memory modules 0 and 3 
CTXPAq - module temp between XPNDR A and B 
CTA610 - module temp near h e a t e r  A610 t h ~ r m o s t a t  
C T A f j l l  - nodule temp near  h e a t e r  A6il  ;hermootat 
A l l  module temperatures  are der ived usink t h e  s t anda rd  t h e m i s t o r  c i r c u i t  of 
Figure 4.7-4. 
4.7.1 -5  
The monitors desc r ibed  i n  t h i s  s e c t i o n  i n d l c a t e  t h e  temperalJres  der ived f ro& 
senso r s  i n a i d e  t h e  ChDa components. A l l  temperatures  are de r ived  using t h e  
s t anda rd  the rmis to r  c i r c u i t  oE Figure 's.7-4. Component l o c r t i u n s  i n  t h e  C&DH 
module are shown i n  F igu re  4.7-5, and t h e  tempers-ure  monitors are l i s t e d  below. 









PW t e m p e r a t u x  
CU A temperature 
CU B temperature 
Power c o n t r o l  u n i t  temperature 
RIU 1A temperature  
R I U  1B temperaturc 
STINT A temperature  
S'l'If-T B temperature 
4.7.1.6 zransponder  - RF Monitors 
4.7.1.6.1 Receiver AGC Monitors 
CAGCXPA - Transpondzr A AGC l e v e l  
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These f u n c t i o n s  inci icate  t h e  r ece ived  RF s i g n a l  s t r e n g t h  at the t ransponder  
r ece ive r .  S i i c e  s i g n a l  s t r e n g t h  is a funcelon of t h e  TDBSS o r  STiJM forward L i n k  
t r a n s m i t t e r s ,  no l i m i t s  were de'ined for these f u n c t i o n s  i n  Table  4.7-2. The 
type of s i g n a r  r ece ived  (TDRSS lr S T D N )  and whether Isk receiver i 6  i n l o s k  with  
t h a t  s i g n a l  are i n d i c a t e d  by t h e  r e c e i v e  atode and receiver- in- lock d i g i t a l  
monitors of Paragraph 4.7.2.5.1. 
4.7.1.6.2 Transmi t t e r  RF Power Monitors 
GXP.iPWQ - Transponder A RF fo rva rd  power 
CXPAREV - Transponder A RF r e f l e c t e d  paver  
CXPBFWD - Transponder B RF forward power 
CXPBREV - Transponder B KF r e f l e c t e d  p w e r  
Fo-ard power t e l eme t ry  provides  an i n d i c a t i o n  of t h e  power from t h e  t r a n s m i t t e r  
RF ou tpu t  t o  t h e  antenna. 
Re f l ec t ed  
t h e  t r a n s m i t t e r  RF ou tpu t  f ro= t h e  t r a n s r d a s i o n  l i n e  and a n t e m a .  
power t e l eme t ry  provides  a n  f n d i c s t i o n  Of t h e  power r e f l e c t e d  back tt? 
4 -7 *2  DIGITAL TELEMETRY FiiNCTIONS 
The CdDH d i g i t a l  moniturs provide rori.,rnand w r i f i c a t f o n ,  subsystem si t a t u s ,  and 
d i a g n o s t i c  infc\rmation. Th i s  s e c t i o n  presenzs  d i g i t a l  t e l eme t ry  d e s c r i p t i o n s  
using t h e  acronyms i n  Table  4.7-1. Where pOSSible, monitors are c o l l e c t e d  i n t o  
f u n c t i o n a l  groups f o r  ease i n  unde r s t and iw .  
4.7.2.1 Cent ra l  Unit  (CU) S t a t u s  Telemetry 
4.7.2.1.1 CU and O s c i l l a t o r  Monitors 
CONCL'ID, CCUANF, CCUBNE and COSCINX i n d i c a t e  t h e  CU s t a t u s  r e s u l t i n g  from t h z  
s p e c i a l  commands CUMAFl, CUMFZ, CUSLFh' and CUEXON desc r ibed  i n  Parrrgraph 
4.6.1.1.2. They arn; decoded as follows: 
-----
CO~CU I D  0 = CU A ac t ive  
1 * CU B a c t i v e  
CCVASF 0 = CU A OFF 
i = CLI A ON 
CGUEX'F 0 = CU B OFF 
1 m C U B O N  
COSCI hX 0 = F x t e r n a l  o s c i l l a t o r  s e l e c t e d  
1 - I n t e r n a l  o s c i l l a t o r  s e l e c t e d  
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CONCUXD is v a l i d  only whenone CU 1s on. I f  bo th  are on (a forb idden  s ta te)  t h e  
i n d i c a t i o n  is ambiguous, and i f  both are off t h e r e  is no te lemet ry  data. 
4.7 .2 .1 .2  
CSUPVBA and CRPLYBA h d i c a t e  the  MDB s t a t u s  r e s d t i n g  from t h e  s p e c i a l  commands 
SUPRAN, SUPRBN, RPLYM and RPLYBN descr ibed  in Paragraph 4.6.1.1.3. They are 
decoded as fol lows:  
Mul t ip lex  Data Bus (PIDB) Monitors 
C SU PVB A 0 = Supervisory l i n e  A s e l e c t e d  
1 = Superv isory  l i n e  B s e l e c t e d  
CRPLYBA 0 * Reply l i n e  A s e l e c t e d  
1 = Reply l i n e  B s e l e c t e d  
4.7 .2 .1 .3  Hardl ine  Telemetry Output Monitors 
Each Gu has  a h a r d l i n e  telemetry oirtput t o  the ChDM iaodule c o n ~ i e c t ~ r .  The 
ou tpu t s  are not  used on Landsat-D. The cammqrrds CQ turn the o u t p u t s  o n l o € € ,  
howewer, are included i n  the  C&DH comwsncls (Faragrepti 4.6.1.1.5) and are 
verified by t h e  fo l lowing  monitors : 
CCUliYFN 0 = CU A hard l ine  te lemet ry  output  ON 
1 = CU A h a r d l i n e  te lemet ry  output  OFF 
CCUBHFN 0 = CU B h a r d l i n e  te lemet ry  output  ON 
1 - CU B h a r d l i n e  te lemet ry  output  OFF 
4.7.2.2 E Telemetry r)8tn Honi tors  
4.7.2.2.1 Telemetry a i r  Rate and Data 'Sype 
CBXTRAT p rov ides  v e r i f  i c a t i o n  of t he  commands in Paragraph 4.6 .1 .Z . l .  This 
n o n i t o r ,  which i n d i c a t e s  t h e  b i t  rate of t he  real  t i m e  t e l e n e t r y  d a t a  stream 
from the  a c t i v e  CU, is decoded as fol lows:  
I 
000 10: 1 k b p s  
001 = 2 kbps 
010 = 4 k b p s  
011 = 8 kDps 
100 = 16 kbps 
101 * 32 kbps 
110 = 64 kbps 
111 = 128 kbps (not used 3n MFS) 
L. SD -h'P C- 2 6 3 
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CRTCDEP i n d i c a t e s  whether t h e  data stream from t h e  a c t i v e  CU c o n s i s t 6  of real 
t i m e  t e lemet ry  d a t a  OK OBC memory dump data. S ince  OBC memory dump d a t a  is via 
t h e  'MP on Landsat r a t h e r  t han  v i a  t h e  CU, t h i s  monitor  a lways i n d i c a t e s  real 
time t ? l eme t ry  da t a .  
CRTCDMP 0 = OBC memory d w p  data 
1 = real  t i m e  t e lemet ry  data 
4.7.2.2.2 Telemetry Format 
CFORMhT i n d i c a t e s  t h e  te lemet ry  addres s  source  s e l e c t e d  by t h e  commands in 
Paragraph 4.6.1.2.2 for use  by t h e  CU format  genera tor .  Pt is decoded as 
follows: 
CFORMAT 00 = CU f l e x  f o m t  (no t  a v a i l a b l e  on Landsat)  
01 a EngineerLng f o m t  (RO!f 1) 
PO = Hiss ion  format (%OH 2 )  
11 0 O X  f l e x  format 
The monitors  CWAFLX and CCiJBELX aye loadj 'verify indf.calors f o r  loadfng a flex 
format  i n t o  programmable W's in each CU. S ince  t h e  CU f l e x  format  is not  
a v a i l a b l e  on Landsat ,  t h e s e  monitors  should be ignored.  
4.7.2.2.3 Minor Frame Sync and Counter 
CMFSYKC is a 24-bi t  sync p a t t e r n  appear ing  a t  t h e  start of every t e l e n e t r y  minor 
frame. Each d n o r  frame c o n s i s t s  of 128 8-bi t  words numbered 0 through 127.  
There are 128 minor frames, a l s o  numbered 0 through 1 2 7 ,  i n  a t e lemet ry  major 
frame. The b i t  p a t t e r n  czf CMFSYNC appears  i n  Table 4.7-1 i n  binary form and i n  
o c t a l  and hexadecimal form below. 
CMFSYNC = (76571440){8] = (FAF320){16} 
CHFCIgT i s  t h e  ou tpu t  o f  a counter  which s ta r t s  a t  0 ( o r  128) f o r  oafnor frame 
ze ro ,  and increments  by one f o r  each subsequent minor frame up t o  255. Since  a 
te lemet ry  major frame con ta ins  128 minor frames, only t h e  7 LSB of GKFCNT should 
be used so  that t he  t e l e n e t r y  output  w i l X  always c o u n t  0-127 i n s t e a d . o f  0-127, 
I28-255, 0-127, etc.  
4.7.2.2.4 PJell Piode f n d f c a t o r s  
I n  t h e  dwel l  mode, any &fitnor frame word excep t  the f i x e d  words raay be s e l e c t e d  
by the  commands i n  Parsgraph 4.6.1.2.3 and u i l l  appear  in every telemerg frame 










,-% - . ’ . 
CDWLMOD 0 n o t  i n  dwel l  mode 
1 dwel l  mode 
CDWLCHN = channel  s e l e c t e d  f o r  dwel l  
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4 . 7 . 2 . 2 . 5  Spacec ra f t  Clock Honitor  
The s p a c e c r a f t  c lock  t e l eme t ry  laonitor is a 24-bit  word which is t h e  ou tpu t  of a 
1.026 second coun te r  c o n t r o l l e d  i n  such a manner that each  1.026 second 
increment i s  co inc iden t  w i th  t h e  s t a r t  of (P t e lemet ry  minor frame?. Thus, 
r e g a r d l e s s  o f  t e lemet ry  b i t  ra te ,  t h e  monitor always d i s p l a y s  t h e  time a t  t h e  
start  of the  minor frame i n  which a 1 - L i t  change occurred. The coun te r  is set 
t o  zero when t h e  CU is i n  standby. 
Using 24  b i t s  w i t h  a 1.024 second update,  t h e  maximum count  is approximately 200 









CCLKMS B 00000000 
oc0o~ool 
l l l l l l l l  
4.7.2.3 Commend S igna l  Monitors 
0 
1.024 ceconds 
262.12 Bec (4.352 min) 
0 
4.369 min  (.0728 h r )  
18 -3568 hr6 
0 
18 -641 h r s  
4753.5 h r s  (198.1 days)  
Both t ransponder  r e c e i v e r s  are cont inuous ly  ope ra t iona l  and provide folarard l i n k  
s i g n a l s  t o  redundant conunend decoder channels fa t h e  a c t i v e  CU for c o m n d  
process ing  ( r e c e i v e r  A t o  decoder channel A ,  and 5 taa B). CCHAREJ i n d i c a t e s  
w h e t h e r  the chwruiel A decoder i n  the  a c t i v e  CU has rejec&cd o cornand f r o =  
t ransponder  r e c e i v e r  A.  A v a l i d  command may s t i l l  be c b t n i n e d  from decode r  
channel 11. The channel B comrmnd decoder has no C O ~ E W I ~  r e j c c c  telemetry i n  t h e  
d a t a  6tre&im. Decoding i o  shown below: 
CCIiAREJ 1 cornand r e j e c t e d  by channel A 
0 = coromnd not rejected 
LSU-WC-2 6 3 
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CCHDCNT 
monitor counts  t o  a m a x i m u m  of 255. 
increments  by one whenever a cornrand is accepted by t h e  a c t i v e  CU. The 
CSCPiDCT increments  by one shenever  a s p e c i a l  c o m n d  is accepted by t h e  
CU r a t h e r  than  t h e  a c t i v e  CU. This  monitor a l s o  counts  t o  a maximum of  255. 
Each CU has  a s e p a r a t e  monitor i n d i c a t i n g  whether t h a t  CU ha5 r e j e c t e d  o r  
accepted a command. The monitors  CCUAREJ (CU A) and CCUBREJ (CU 5 )  are decoded 
i d e n t i c a l l y  as shown below: 
s tandby 
0 = command accepted by CU 
1 = command r e j e c t e d  by CU 
4.7 -2.4 PMP S t a t u s  Telemetry 
PMP A t e lemet ry  monitors  are decoded i n  t h e  same manner as PMP B t e lemet ry  
monitors. I n  t h e  f o l l o w i w  paragraphs,  acronyms fer PI.P B €unctions which a r e  
i d e n t i c a l  t o  PpaP A func t ions  arc enclosed in parentheses .  Example: PtQ A (PLT 
-- 
B). 
4.7.2.4.1 FHP Power Monitors 
CBMPANF (CPMPGNF) i n d i c a t e s  t h e  on/of f  s t a t u s  of PMP A ( B )  r e s u l t i n g  from t h e  
commands descr ibed  i n  Paragraph 4.6.1.3.1. Decoding is skown below: 
0 = PMP A(B) o f f  
1 * FMP A(B) on 
4.7.2.4.2 PMP Input  Monitors 
The fo l lowing  monitors  provide v e r i f i c a t i o n  of the  commands f o r  i n p u t  d a t a  
s e l e c t i o n  i n  Paragraph 4.6 .1 . 3 .2 .  
CPACUBA (CPBCUBA) i n d i c a t e s  which CU has  been s e l e c t e d  as t h e  real time 
te lemet ry  d a t a  source .  
0 = CU k s e l e c t e d  
1 = CP B s e l e c t e d  
CPASTISA 
dump source. 
(CPBSTBA) indPca te s  whish OBC/STINT hes been s e l e c t e d  as t h e  OBC memory 
0 = STINT A s e l e c t e d  
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CPANIMX (CPBNZMX) and C P W B  (CPBMXAB) i n d i c a t e  whether NBTR l ( 2 )  p h y b a c k  d a t a  
o r  payload c o r r e c t i o n  d a t a  (PCD) h a s  been s e l e c t e d  as a PHP A(B) d a t a  i n p u t .  
The monitors are decoded as shown below. 
CPANlMX CPAMXAB 





0 PCI) from f o r m a t t e r  A 
1 PCD from f o r m a t t e r  B 
0 NBTR l(2) playback d a t a  
1 NBTR l ( 2 )  playback d a t a  
CPARTTR (CPBRTTR) i n d i c a t e s  whether PMP A(B) i s  configured t o  r o u t e  real time 
telemetry d a t a  t o  t h e  r eco rd  a m p l i f i e r  of NBTR l(2). PMP A is  ded ica t ed  t o  NBTR 
1 and PMP B t o  NBTR 2. 
00 5 R e a l  time telemetry t o  M&TR 1(2) OFF 
01 5 Not used 
10 = Real t i m e  t e l eme t ry  t o  HETR l ( 2 )  ON 
11 = Not used 
4.7.2.4.3 PMP-Transponder Configurat ion 
The normal PMP t o  t r ansponder  conf igu ra t ion  i s  PW A t o  t ransponder  A and PHI? B 
t o  t ransponder  B. The r eve r se  ( c ros s - s t r ap )  c o n f i g u r a t i o n  is PMP A t o  
t ransponder  B and P a  B t o  t ransponder  A. A s i n g l e  monitor, CPABXP, is used t o  
determine t h e  conf igu ra t ion .  
CPABXP 0 = Noma1 (A t o  A ,  B t o  B )  
1 = Reverse ( A  t o  B ,  B t o  A) 
4.7.2.4.4 Convolutional Encoder Monitors 
Each PMP provides  two ou tpu t s ,  i d e n t i f i e d  as I and Q-chtinnels, t o  t h e  iDRSS 
t r a n s d t t e r  i n p u t s  of :he transponders.  The I-channel always o u t p u t s  real tin€! 
t e l eme t ry  da t a .  The Q-channel ou tpu t s  PCD, NBTR playback d a t a ,  o r  OBC memory 
dump d a t e  depending upon which i npu t  has been selected (reffixrice Paragraph 
4 . 7 . 2  .% . 2 ) .  CPPBTENC (CPBRTENC) and CPASTENC (CPBSTENC) i n d l c o t a ,  r e s p e c t i v e l y ,  
whether Z and Q-channel ou tpu t s  are convo lu t iona l ly  encoded in response t o  
t h e  commands of Paragraph 4.6.1.3.5. 
t h e  
A l l  are decoded in t h e  same manner. 
0 = ConvolutFonal encoder OFP ( o u t )  
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4.7.2.4.5 PMP Output Monitors 
CPAMODE (CPBMODE) i n d i c a t e s  t h e  PMP o u t p u t s  s e l e c r e d  by t h e  romnuands of 
Paragraph h.6.1.3.3 f o r  r e t u r n  l ink d a t a  transoatasion via t h e  t r a ~ n p o n d e r s .  
Decoding i s  as shown below: 
0000 - Mode select o u t p u t s  OFF 
1000 - Mode A - real  t i m e  te lemetry (TLM) t o  STDN 
0100 * Mode B - rea l  t i m e  TLM & OBC dump t o  STDN 
1100 Mode C - real  t i m e  TLM & NBTR o r  PCD t o  STDN 
0010 - Mode D - real  time TLM and e x t e r n a l  d a t a  to  STDN 
1010 5 Mode E - e x t e r n a l  d a t a  to STDN 
0110 - Mode F - r ea l  t i m e  TLM to TDRSS 
1110 - Mode G - real  time TLM & OBC dump t o  TDRSS 
0001 - Mode H - rea l  t i m e  TLM & NBTR o r  PGD t o  TDRSS 
1001 - Mode I - real t i m e  TLM and e x t e r n a l  d a t a  t o  TDRSS 
CPAHDLN (CPBXDLN) i n d i c a t e s  P W  hsrdline ou tpu t  deta modes s e l e c t e d  by t h e  
commands of Paragraph 4.6.1.3.4. Decoding is as ohown below: 
00 = Hard l ine  ou tpu t s  OFF 
01 a OBC me1zoq7 dump d a t a  t o  h a r d l i n e  
10 - Real t i m e  te lemetry d a t a  t o  h a r d l i n e  
11 PCD o r  NBTR playback d a t a  t o  h a r d l i n e  
4.7.2.5 Transponder S t a t u s  Telemet ry  
Transponder A t e l eme t ry  monitors  are decoded i n  t h e  same manner as t r m s p o n d e r  B 
te lemetry monitors.  I n  t h e  fol lowing paragraphs,  acronyma f o r  t ransponder  B 
func t ions  which are i d e n t i c a l  t o  ttanspo.ider A f u n c t i o n s  are enclosed i n  
pKenth@SeS. 
4.7.2 .S .1 
CXPARAS i n d i c a t e s  t h e  t ransponder  A r e c e i v e r  a c q u i s i t f o a  s ta te  (US). 
Transponder B has no RAS t e l eme t ry  i n  t h e  d a t a  stream. 
Transponder Receiver  Monitors 
0000 = Not used 
0001 = S t a r t  code and CW search 
0010 S ide  lobe  s e a r c h  no. 1 
0100 * Carrier loop  a c q u i s i t i o n  
0101 --Side lobe s e a r c h  no. 2 
0119 Long code s e a r c h  
9111 = Mult ipath sea rch  
1000 * TDRSS t r eck ing  mode 
0011 = PN loop a c q u i s i t i o n  
LSD-WC-2 6 3 
4-136 
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LOO1 = Not used 
1010 = Not used 
1011 ~ 1 1  STDN m d e  a c q u i s i t i o n  
1100 - STDN t r ack ing  mode 
CXPASTD (CXPBSTD} i n d i c a t e s  t h e  r ece ive  mode in which t h e  t ransponder  has  been 
placed by t h e  mode commands of 4.6.1.4.1. 
0 - Dual (STDN and TDRSS) receive mode commanded 
1 STDH on ly  r ece ive  mode commanded 
CXPAKW (CXPBEtMf)) i n d i c a t e s  the  r ece ive  mode of t h e  t ransponder  r e s u l t i n g  from 
an  u p l i e  s i g n a l .  In t h e  d u a l  mode above, t h e  r ece ive  mode w i l l  be e i t h e r  TDRSS 
o r  STDN depending upon which s i g n a l  i s  f i r s t  de t ec t ed .  In t h e  STDN only mode, 
t he  rece ive  mode can  0d.y be STD11. 
CXPARLK (CXPWLK) i n d i c a t e s  whether t h e  t ransponder  is i n  lock  wi th  a STDN o r  
TDRSS upl ink  s i g n a l ,  o r  n e i t h e r .  I f  i n  lock ,  t h e  r ece ive  mode monitors  above 
w i l l  i n d i c a t e  which type s i g n a l .  
0 Receiver  i n  lock  
1 Receiver  not  i n  lock  
CXPACLK (CXPBCLK} i n d i c a t e s  whether t h e  command d e t e c t o r  i n  t h e  r e c e i v e r  i s  i n  
lock.  A r e c e i v e r  i n  lock and a d e t e c t o r  i n  lock  s i g n a l  must both be present  
before  t h e  CU w i l l  p rocess  command s i g n a l s  from t h e  r ece ive r .  
0 - Recelver  command d e t e c t o r  in l ock  
1 * Receiver  command d e t e c t o r  no t  in lock  
CXPADET (CXPF3ET) indicates t he  b i t  r a t e  s e l e c t e d  Lor the t ransponder  commnd 
d e t p c t o r  i n  the  TDRSS receive node. The comnande f o r  selection are  deucribed Pn 
Paragraph 4.6.1.4.1. I n  t h e  STDN rece ive  mode, t h e  command s i g n a l  b i t r a t e  i s  2 
kbps and is nor s e l e c t a b l e  by command. 
0 = 125 bps (low) TDRSS command rate 
1 p 1 kbps (medium) TDRSS command rate 
f 
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CXPAMPTH (CXPBMPTH) i n d i c a t e s  whether a mul t ipa th  is presen t  when t h e  
t ransponder  is in t h e  TDRSS receive mode. Mult ipathe are p o s s i b l e ,  e s p e c i a l l y  
when t h e  l i n e  of s i g h t  between TDRSS and Landerat is nea r  t h e  e a r t h  horizon.  
0 = No m u l t i p a t h  
1 = Mult ipnth 
4.7.2.5.2 
CXPAKNG (CXPBRNG) p rov ides  v e r i f i c a t i o n  f o r  t h e  STDN ranging e n a b l e / d i  s a b l e  
comrnnnds i n  Paragraph 4.6 .I. .4.2. 
Ranging and Oscillator C o m n d  Monitors 
0 = STDN ranging OFF (d i sab led )  
1 = STDN ranging ON (enabled)  
CXPAOSC (CXPBOSC) provides ver i f  icatioir f o r  t h e  a,utomEIc o s c i l l s t a r  
i n h i b i t / a l l o w  C O ~ W R ~ S  i n  Paragraph 4.6.1.4.3. 
0 * Auto t r a n s f e r  from TCXO t o  vco enabled (a2lowed) 
1 = Auto tnransfcr €rea T’GXO t o  VCO d i s a b l e d  ( i n h i b i t e d )  
4.7.2.5.3 PN Code Monitors 
The I and Q-channel s i g n a l s  from the PXP ( r e f e r e n c e  Paragraph 4.7.2.4.4) m y  01: 
may not  be PSK modulated w i t h i n  t h e  t ransponder  wi th  a PN code. V e r i f i c a t i o n  of 
PN code c o n t r o l  commands (Paragraph 4.6.1.4.5) is obtained from t h e  monitors 
CXPhNI (CXPBPNI)  and CXPrlPNQ (CXPBPNQ). All are decoded i n  t h e  same manner. 
0 PTi code (I o r  q-channel) ON 
1 - PN code ( I  or Q-channel) OFF 
4.7.2.5.4 Transmi t t e r  S t a t u s  Monitors 
C D E h E D  (CXHTBCD) i n d i c a t e s  t he  s t a t u e  of  e n n b l e l d i s a b l e  r e l a y s  i n  series wi th  
t h e  t r t l n s r i i t t e r  primary power i n p u t  1Lneo. I n  norsnal tauage t h ~  relays remain ir. 
t h e  enable poo i t ion  and t r s r t smi t t e r  power on/off  I s  c o n t r o l l e d  by the’ Coarands  
i n  Paragraph 4.6 .I .4  - 4 .  
0 = Transmi t t e r  primary power d i s a b l e d  
1 = Transmi t t e r  primary power enabled 
LSD-N’C-263 
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CXMTANF (CXNTBNF) i n d i c a t e s  t h e  on/off  s t a t u s  of t h e  t r a n s m i t t e r .  
0 * Transmi t t e r  OFF 
1 - Transmi t t e r  ON 
CAIJTXMA (CAUTXMB) i n d i c a t e s  whether t h e  transmitter aut.omatic turn-on f e a t u r e  i s  
allowed. I f  a l lowed,  t h e  t r a n s u i t t e r  w i l l  t u r n  i t s e l f  on when t h e  t ransponder  
r e c e i v e r  d e t e c t s  a STDN o r  TDRSS up l ink  s i g n a l ,  a t  which time CXMTANF (CXMTBNF) 
w i l l  become a l o g i c  “1“. There is no automatic  t u rn -o f f  f e a t u r e .  The 
t r a n s m i t t e r  must be commanded o f f  from any on mcde. 
0 = Transmi t t e r  auto-on d i sab led  ( i n h i b i t e d )  
1 = Transmi t t e r  auto-on enabled (allowed) 
CXPAXM (CXPBXMT) i n d i c a t e s  whether t h e  STDN o r  TDRSS transmit mode h a s  been 
s e l e c t e d  by command. 
0 = TDRSS t r ansmi t  node 
1 = STDN t r ansmi t  node 
CXPAMOD (CXPBMOD) i n d i c a t e s  whether a high o r  low modulation index  h a s  been 
s e l e c t e d  f o r  a t r a n s - d t t e r .  I n  normal o p e r a t i o n ,  low modulation index  w i l l  be 
used on ly  i n  PMP mode A - rea l  time te lemetry t o  STDN. 
0 5 Low modulation index 
1 = High modulation index 
4.7.2.4 RF Switch Telemetry 
The t e l eme t ry  monitors i n  t h i s  s e c t i o n  provide v e r i f i c a t i o n  f o r  t h e  commands of 
--. 
Paragraph 4.6.1.5. 
C28VRFS i n d i c a t e s  which 28 v o l t  bus has been s e l e c t e d  
conf igu ra t ion  commands. 
C2SVRFS 0 = 28V bus A f o r  RF switch 
1 = 28V bus B f o r  RF switch 
CRFSWC provides  v e r i f i c a t i o n  of t h e  RF switch conf 
f o r  uEe du r ing  RF switch 
g u r z t i o n  commands. The RF 
switches are used i n  t h e  t ransponder  t r ansmi t  s i g n a l  pa ths  t o  r o u t e  t h e  
t r a n s d t t e r  ou tpu t s  t o  omni o r  high g a i n  antennas.  Decoding i s  as shown below: 






Conf igura t ion  XMTR A -- 
Not used -- 
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XMTR B -- 
4.7.2.7 OBC Discrete Command Telemetry -
The te lemet ry  monitors  i n  t h i s  paragreph provide v e r i f i c a t i o n  of d i s c r e t e  
commands addressed t o  t h e  OBC via t he  C&DH R I U  (Sec t ion  4.6.1.6). Commands 
routed  d i r e c t l y  t o  t h e  OBC (not  through t h e  R I U )  are descr ibed  in S e c t i o n  6.0 of 
t h i s  document. 
CSTOBCA (CSTOBCB) i n d i c a t e s  t he  s t a t u s  of the  STINT-OBC power s u p p l i e s  r e s u l t i n g  
from t h e  commands of  Paragraph 4.6.1.6.1. 
0 = STINT, SSSC A ( B )  OFF 
1 = STINT, NSSC k(B) ON 
CCFDAED (CCFDBED) indicr r tes  t h e  s t a t u s  of t he  OBC f a i l u r e  d e t e c t i o n  c i r c u i t s  
r e s u l t i n g  from t h e  commands of Paragraph 4.6.1.6.3. 
0 = Computer f a i l u r e  d e t e c t o r  A ( B )  d i sab led  
1 5 Computer f a i l u r e  d e t e c t o r  A(B) enabled 
CPblRN02 i n d i c a t e 8  which STINT-OBC power supply has  been s e l e c t e d  f o r  memories 0 ,  
2 ,  4 and 6 .  CPWRM13 i n d i c a t e s  which power supply has  been s e l e c t e d  f o r  memrles 
1, 3 ,  5 and 7 .  Both monitors  are decoded i n  t h e  sane manner. 
0 = Power supply  A s e l e c t e d  
1 = Power supply B s e l e c t e d  
CtEMOEI) ,  CMEMIED, CMEX2ED and CtEM3ED i n d i c a t e ,  r e s p e c t i v e l y ,  t E e  enab le /d i sab le  
sta tus  o f  memory pairs 0 and 4, 1 and 5, 2 and 6 ,  3 and 7 .  A l ;  are &coder! in 
t h e  same manner. 
0 = Memory p a i r  X d i sab led  
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4.7 .2 .8  OBC Memmy Dump Monitors  
CCUDMF' (CCUBDMP) i n d i c a t e s  t h e  b i t  rate s e l e c t e d  by t h e  CU s p e c i a l  corarnands of 
Paragraph 4.6.1.1.5 f o r  an OBC memory dump. 
0 = 1 kbps dump rate 
1 = 32 kbps dump ra te  
CADMPHS (CBDWHS) i n d i c a t e s  t h e  type  of dump from O K  A(B)  which has  been 
r eques t ed  by computes commands. 
00 - Sof tware  dump 
01 Hardware dump 
10 = Not used 
11 = No dump 
CADHPPTD (CBDWIPID) i n d i c a t e s  which memory bank v i a  OEC A ( B )  htis been s e l e c t e d  f o r  
dump. There fire e i g h t  memories i d e n t i f i e d  0 thnoilgh 7.  Esth memory has two 
banks wi th  0 and 1 i n  memory 0 ,  banks 2 and 3 In memory 1, e t e .  Decoding of 
memory bank dump i d e n t i f i c a t i o n  teleme:ry i s  shown below. 
0000 = Memory bank 15 
0001 = Memory bank 14 
0010 = Memory bank 13 
0011 = Memory bank 12 
0100 = Memory bank 11 
0101 a Memory bank 10 
0110 = Kemory bank 9 
0111 = Memory bank 8 
1000 = Memory bank 7 
1001 a Memory bank 6 
1010 - Memory bank 5 
1011 = Memory bank 4 
1100 = Memory bank 3 
1101 = Memory bank 2 
1110 = Memory bank 1 
1111 - Piemory bank 0 
LSD-WPC-2 6 3 
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4.7 .2 .9  K I U  S t a t u s  Monitors  














K I U  1P,/1B STATUS --- __I 
A ON, B OFF 
A ON, B standby 1 
B ON, A OFF 
B ON, A standby 1 
4.7 .2 , lO Heater S t a t u s  Monitors 
CHTRlED and CHTR2ED provide  command v e r i f € c a t i o n  f o r  t h e  prime and redundant 
h e a t e r  enab le /d i sab le  commands of Paragrsph 4 . 6  -1.8. Both u;oni:ors are decoded 
i n  t h e  same manner. 
--
0 = Heater  l ( 2 )  d i sab led  
1 * Heater  l ( 2 )  enabled 
4 . 7 . 3  TELEMETKY DERIVATION SCHEMATICS 
Figures  4.7-1 through 4.7-4 d e p i c t  f u n c t i o n a l  schematics  showing t h e  d e r i v a t i o n  
of t he  te lemet ry  func t ions .  These f i g u r e s  should a i d  i n  understanding t h e  
te lemet ry  i n t 2 r f a c e .  Note t h a t  t he  f u n c t i o n a l  schematics  a r e  provided as 
informat ion  on ly  and a r e  superseded by the  exact c i r c u i t s  def ined  on C&DH 
drawings. 
4 - 7  - 4  COMPONENT LOCATIONS 
Figure  4.7-5 shows t h e  l o c a t i o n  of components i n  t h e  ChDH Module. 
LSD-WC-26 3 





Figure  4.7-2.  Exte rna l  O s c i l l a t o r  Vo l t age  Xoni tors  
FENUALL 
UUB31 J1 
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Figure 4.7-3. Transponder Temp Monitors 
TLM RETL'RN 
1 MA RETUR3 
FiguTe 4 . 7 - 4  S t a r d a r d  Thermistor  C i r c u i t  
CTA6 IO 
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CTXPAB 
CTA6 7 1 
CTMEM03 
- 
CTRI  UAB 
I 
j A117 
1 Ai18 --- 
Figure 4 .?-5. Component Location Diagram 
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The Landsat-D s p a c e c r a f t  has  two i d e n t i c a l  narrowband tc7e r e c o r d e r s  d e s i g n a t e d  
HBTRl and Er3TR2. Each r e c o r d e r  can  r eco rd  o r  p layback  d a t a ,  b u t  not b o t h  
s imul t aneous ly .  Each r e c o i d e r  h a s  a minimum c a p a c i t y  of 238 minu tes  of  
r eco rd ing .  7.45 
minu tes  depending on  tape speed. A playback  w i l l  be s h o r t e r  i f  less t h a n  a f u l l  
t a p e  has been r eco rded .  A winding c a p a b i l i t y  a l l o w s  t a p e  t o  be moved i n  t h e  
forward  o r  r e v e r s e  d i r e c t i o n  a t  a h igh  speed w i t h o u t  e r a s u r e  of  p r e v i o u s l y  
r eco rded  d a t a .  
Each r e c o r d e r  i s  comprised of  a T r a n s p o r t  Uni r  (TU) and a n  E l e c t r o n i c s  Un i t  
(EU). Each r e c o r d e r  c o n t a i n s  a minimum of 500 f e e t  of u s e f u l  t ape .  Pr imary,  
secondary  apd t e r t i a r y  s e n s o r s  s t o p  t h e  r e c o r d e r  when they  s e n s e  e i t h e r  
b e g h n i n g  of t a p e  (BOT) and end o f  t a p e  (EOT:. Vhen i n  t h e  r e c o r d  mode, t hey  
s t o p  t h e  r e c o r d e r  when t n e y  s e n s e  EOT and i n  t h e  p layback  mode when sense 
P laybadc  t i m e ,  baised o n  t h i s  minimum c a p a c i t y ,  w i l l  be 14.9 o r  
I n  t h i s  mode t h e  t a p e  c a n  be moved end t o  end in 3.7 minutes .  
t hey  
EOTa 
Note t h a t  t h e  above v a l u e s  are based on the. minimum t a p e  c a p a c i t y ;  it i s  
expec ted  t h a t  t h e  a c t u a l  c a p a c i t y  w i l l  be sonewhat g r e a t e r  tnan 238 minutes .  
5.  I NBTR FUNCTIONAL LESCRTPTION 
The Landsat-D t a p e  r e c o r d e r  i s  a s l t g h t l y  modified v e r o i o n  of t h e  lo8 
s t a n d a r d  t a p e  r e c o r d e r ,  a b lock  diagram of  whlch i s  shown i n  F i g u r e  5.1-1. 
D i g i t a l  d a t a  r e c o r d i n g  i s  accomplished by demul t lp l ex ing  t h e  i n p u t  d a t a  o n t o  2 
channe l s  t h a t  a r e  r eco rded  i n  p a r a l l e l  and 4 times redundan t ly  (g roups  A through 
0) on t h e  magnetic t a p e  as shown i n  F fgure  5.1-2.Upon pleyback,  one of  t h e  4 
p a i r s  ( s e l e c t e d  by command) of redundant  signal channe l s  is deskewed and 
d e j i t t e r e d  and f i n a l l y  combined i n t o  a s i n g l e  o u t p u t .  
During r e c o r d i n g ,  t h e  t a p e  speed i s  c o n t r o l l e d  by t h e  e x t e r n a l l y  s u p p l i e d  d a t a  
i n p u t  c lock.  During p l ayback ,  t h e  t iming r e f e r e n c e  is d e r i s e d  from a c r y s t a l  
o s c i l l a t o r  l o c a t e d  w i t h i n  t h e  r e c o r d e r .  Tape mot ion  i s  achieved  by u s i n g  a 
b r u s h l e s s  DC motor whose speed i s  c o n t r o l l e d  by a tachometer  s enso r .  During 
r e c o r d i n g  t h i s  s e n s o r  compares motor speed w i t h  t h e  e x t e r w l  d a t a  t i d n g  
r e f e r e n c e .  During p l ayback ,  t h e  tachometer  s e n s ~ r  i s  r ep laced  by t h e  o f f - t a p e  
p layback  s i g n a l  which i s  compare? t o  t h e  i n t e r n a l  c r y s t a l  o s c i l l a t o r .  
The r e c c r d e r  is provided  w i t h  a mul t ip l exed  ( b i n a r y  l o g i c )  cormand system* As 
such ,  it does n o t  trave any memory Ouring pe r iods  when *.he recorder i s  tu rned  
o f f ,  Thus, a f u l l  se t  of commands is g e n e r a l l y  r e q u i r p d  t o  e s t a b l i s h  t h e  
d e s i r e d  r e c o r d e r  o p e r a t i n g  mode. The commands are s t o r e d  w h i l e  t h e  r e c o r d e r  i s  
i n  t h e  standb.,  mode. 
Po~7er Oh'/Power OFF and t h e  EU/TU i n t e r c h a n g e  i s  e f f e c t e d  by t h e  use  of  
r e l a y s .  
---I_-- 
bit GSFC 
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The commanded o p e r a t i n g  mode, t h e  a c t u a l  o p e r a t i n g  mode and various o t h e r  v i t a l  
r e c o r d e r  f u n c t t o n s  and c o n d i t i o n s  are monitored by a t e l e m e t r y  system. The 
m a j o r i t y  of t h e & ?  s i g n a l s  are made a v a i l a b l e  t o  t h e  s p a c e c r a f t  i n  m u l t i p l e x e d  
fo rma t ,  t h e i r  t iming being c o n t r o l l e d  by e x t e r n a l l y  gene ra t ed  s i g n a l s .  
Temperature,  p r e s s u r e  and t o t a l  r e c o r d e r  c u r r e n t  are --avaPfattle i n  a non- 
m u l t i p l e x z d  f o n n a t .  
Each t a p e  r e c o r d e r  i s  d e d i c a t e d  t o  a PMP. Tape r e c o r d e r  1 and t a p e  r e c o r d e r  2 
are d e d i c a t e d  t o  PMP-A and R r e s p e c t i v e l y .  The s i g n a l s  t o  t h e  t a p e  r e c o r d e r  
c o n s i s t  of WRZ-L d a t a ,  p l u s  a 1X c lock .  Tape r e c o r d e r  p layback  p r o v i d e s  an  NRZ- 
L serial d a t a  stream, a ZX c l o c k  and a 2X c l o c k  s i g n a l .  Tape r e c o r d e r  AhB 
r e c o r d  and p layback  f u n c t i o n s  are o b t a i n e d  f r o n  PMP-A and PKRB r e s p e c t i v e l y .  
When i n  t h e  r eco rd  mode, t h e  t a p e  r e c o r d e r  r e c e i v e s  d a t a  and a LX c l o c k  s i g n a l s  
from d i f f e r e n t i a l  d r i v e r s  i n  t h e  a s s o c i a t e d  PMP. The d a t a  c o n s i s t s  of t h e  
serial  R/T  t e l e m e t r y  b i t  stream from t h e  s e l e c t e d  CU. The NRZ-L d a t a  rate c a n  
range from 1 Kbps t o  64 Kbps depending  upon CU mode. A d a t a  rate of 8 Kbps is 
a n t i c i p a t e d .  P layback  NRZ-L serial  d a t a  raie f o r  Landsat-D is  expec ted  t o  be I28 
Kbps t o  TDRS and 256 Kbpa t o  GSTDN. 
Primary end of t a p e  p r o c e c t i o n  is  provided  by reading t h e  f o o t a g e  c o u n t e r  
t e l e m e t r y  and g e m r a t i n g  beginnfng  of t a p e  (BOT) r;ignaf on a  OW coun t  d e t e c t o r ,  
and end of t a p e  (EOT) signal  on a h igh  coun t  d e t e c t o r .  The  footage i n d i c a t o r  
t e l e m e t r y  i s  d e r i v e d  f r o n  a c o u n t e r  r e a d i n g  t h e  o u t s i d e  code p a t t e r n  of a code 
wheel mounted on t h e  c a p s t a n  t a p e  d r i v e  s h a f t .  The c o u n t e r  beg ins  a f t e r  a reset 
p u l s e  and c o u n t s  u n t i l  one r e v o l u t i o n  of t h e  t akeup  reel  is  completed.  The 
c o u n t e r  v a l u e  i s  t r a n s f e r r e d  t o  t h e  t e l e m e t r y  j u s t  p r i o r  t o  r e ~ e t  and 
c o n t i n u a t i o n  of t h e  n e x t  coun t  c y c l e .  
Secondary end of t a p e  p r o t e c t i o n  is provided  by  o p t i c a l  d e t e c t i o n  w i t h  a LED 
through a window n e a r  t h e  beg inn ing  and end of  tape.  
h t e r t i a r y  end o f  t h e  t a ? e  p r o t e c t i o n  i s  provided by a mechanica l  mechrnism 
which t r i p s  a micro  s w i t c h  and b r a k e s  t h e  t a p e  r e e l  t o  a s t o p  when bu i ldup  
of t a p e  on a reel exceeds a prede termined  l i m l t .  The mechanism i s  on borh  
wheels and p r o v i d e s  EOT p r o t e c t i o n  on one reel and EOT p r o c e c t i o n  on  t h e  o t h e r  
reel. 




5.2 7 NBTR- PEWORMANCE CAPABILITIES 
The NBTR p e r f o m n c e  c h a r a c t e r i s t i c s  are summarized i n  Tab le  5.2-1. 
Tab le  5.2-1. NBTR C a p a b i l i t y  Suinmary 
Lands a t -D 
Func t ion  C a p a b i l i t y  Implement a t  i o n  
S e l e c t  Tape Speed 21  Commandable 
t a p e  speeds  
Tape D i r e c t i o n  C o n t r o l  FWB d REV 
Motor Encoder LED 
S e l e c t i o n  
PRI & SEC 
Tape E r a s e  ON/OFF 
Tape Track  S e l e c t i o n  > p a i r  s e l e c t i o n  
2 g roups  of 4 
t r a c k s  
Mode S e l e c t  i o n  STOP~RECO RD/PUY / w w  
Channel Mul ip l ex ing  4 channe l  p a r a l l e l  
8 channe l  p a r a l l e l  
1 
Timing Reference  E x t e r n a l  ES I n t e r n a l  
C r y s t a l  






Automat i ca l ly  s e l e c t e h  
by r e c o r d / p l a y  c o n t r c  
4 p a i r  s e l e c t i o n  o n l y  
Same 
8 channe l  o n l y  
E x t e r n a l  - RECORD 
I n t e r n a l  - PLAYBACK 
and WIND 
5 .3  E OPERATING MODES 
The b a s i c  NBTR o p e r s t i n g  mode s e l e c t i o n s  and t h e  r e s i ~ l t a n t  o p e r a t i o n s  a r e  




Tab le  5.3-1. NBTR Opera t ing  Xodeu 
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P layback  161 1 
Playback  32/1 
Wind 
Erase 
S t o p  (Standby) 
Group ( A  ,B  ,C ,D)  
Clock ( E x t , I n t )  
Encoder 
0.42 ips 8 Kbpo >238 min. 
(Record r u n s  from BOT t o  EOT) 
6.7 i p s  128 Kbpe >14.9 mine 
(P layback  runs EOT t o  BOT) 
13.4 !.ps 256 Kbps >7.45 min 
(P layback  r u n s  EOT to BOT) 
>33 i p s  53.1. nin. 
(Commandable E i t h e r  D i r e c t i o n )  
(Au tomat i ca l ly  ON d u r i n g  RECORD) 
(Au tomat i ca l ly  OFF d u r i n g  PLAYBACK) 
(Tape motion h a l t e d ,  n o t  confueed 
w i t h  OFF) 
( S e l e c t o  p a i r  of channe l s  f o r  
playback)  
( S e l e c t s  d a t a  c l o c k  (Ex t . )  o r  
I n t e r n a l  O s c i l l a t o r  f o r  speed .  
t iming  r e f e r e n c e ) "  
(Pr imary o r  Secondary) 
*Not colomandable i n  T-arrdsct-D o p e r a t i o n s .  
As a r e s u l t  o f  t h e s e  modes, and a l s o  t h e  power oPf mode, t h e r e  are 20 NBTR 
o p e r a t i o n a l  mode t r a n s i t i o n s  which are shown f n  F i g u r e  5.3-1 and f u r t h e r  
d i s c u s s e d  i n  Paragraph  5.3.5. 
L SD -\P c - 2 6 3 
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5.3.1 NBTR POWER UP 
A f t e r  t h e  a p p l i c a t i o n  of power and i n  t h e  absence  of any s p e c i f i c  
r e c o r d e r  w i l l  be i n  t h e  f o l l o w i n g  c o n f i g u r a t i o n :  
command, t h e  
Stop Execute  
Erase Off 
h d  D i r e c t i o n  
Primary Encoder (Note 1) 
Group A 
NOTE 1: I n  t h e  e v e n t  t h e  pr imary  encoder  (motor LED”s) have f a i l e d ,  it w i l l  be  
n e c e s s a r y  t o  send a ser ia l  magnitude command (397016) t o  select t h e  
secondary  encode r s  each t i m e  t h e  NBTR i s  powere& up. 
Ho s p e c L f i c  t a p e  speed is  selected;  t h u s  nny v a l u e  mzy appear .  The t a p e  W i l l  
remain s t a t i o n a r y .  
5-3.2 NBTR RECORD MODE 
Recording w i l l  be  o n l y  accomplished i n  beg inn ips  of Tape (BOT) t o  End of Tape 
(EOT) D i r e c t i o n .  Commands a r e  s e n t  t o  c o n f i g u r e  t h e  r e c o r d e r  € o r  r eco rd ing .  
The 8 Kbps ser ia l  t e l e m e t r y  w i l l  be serial  t o  p a r a l l e l  c s n v e r t e d  and recorded on 
two channe l s  f o u r  times redundan t ly  f i l l i n g  a l l  e i g h t  t r a c k s .  During r e c o r d i n g  
t h e  t a p e  speed i s  c o n t r o l l e d  by t h e  e x t e r n a l l y  supp l i ed  d a t a  i n p u t  c lock;  F o r  
Landsat-D i n t e r m i t t e n t  r e c o r d i n g s  will be made. Under these c o n d i t i o n s  each now 
e x e c u t e  command w i l l  c a u s e  t h e  r e c o r d e r  t o  c o n t i n u e  t h e  r e c o r d i n g  p r o c e s s  from 
i ts  s topped  l o c a t i o n .  I f  t h e  r e c o r d e r  is commanded t o  s t a n d b y  o r  PWR OFF o r  if 
t h e r e  is a power l o s s ,  t hen  a f u l l  set of command6 w i l l  be n e c e s s a r y  t o  
e s t a b l i s h  t h e  d e s i r e d  o p e r a t i n g  mode. The RECORD mode a u t o m a t i c a l l y  invokes  t h e  
Erase  On s t a t e .  
5.3.3 NBTR PLAYBACK MODE 
Playback w i l l  be i n  t h e  End of Tape t o  Beginning of Taw d i r e c t i o n .  P layback  
speed can be commanded from two s p e e d s ,  6.693 i p s  f o r  17% Rbps o r  13.386 i p s  f o r  
256 Kbps playback.  The g roup  command selects t h e  p a l r  of channe l s  t o  be p layed  
back (g roup  A , B , C , D ) .  The ERASE f u n c t i o n  is a u t o m a t i s d l y  OFF and t a p e  speed i s  
c o n t r o l l e d  by comparison of o f f  t a p e  s i g n a l  to  a 1. c r y s t a l  o s c i l l a t o r .  
Pr imary,  secondary  or t e r t i a r y  BOT aenaor s  s aotioa at the end of t h e  
t ape .  The tW6 c h a n n e l s  s e l e c t e d  f o r  p layback  a d and d e j i t r e r e d  and 
combined i n t o  a s i n g l e  o u t p u t .  The d a t a  o u t  he t a p e  r e c o r d e r  d u r f n g  
playback i s  r e v e r s e d  i n  t i m e ;  i.e. d a t a  r eco rde  be played back as 0x1. 
A 1X c l o c k  (128 KIlz o r  256 K H z )  and a 2X c l o c k  (256 KHZ or 512 KHZ) e i g n a l  will 
a l s o  be provided  as  o u t p u t  t o  t h e  PMP. The PLAYBACK a u t  oma ti ca 1 1 y invokes  
t h e  E r a s e  O f f  s t a t e .  
LSD-WPC-263 
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The t a p e  can  be moved i n  BOT t o  EOT o r  EOT eo BOT d i r e c t i o n  a t  a rate of 33 
by command. The EXECUTE STOP command w i l l  halt t a p e  t r a n s p o r t  at any p o i n t .  
5.3  .S 
i p s  
NEiTR OPERATI-ONAL MODE TRANSITIONS 
Figure  5.3-1 d e p i c t s  t h e  20 t r a n s i t i o n s  between t h e  o p e r a t i n g  modes which are 
a v a i l a b l e  € o r  t h e  NBTR. The t r a n s i t i o n s  are achieved  through the use  of v a r i o u s  
combinat ions of Serial Magnitude (SM) and Discrete Commnds (DC). Table  5.3-1 
prov ides  
S e l e c t i o n  of t h e  d e s i r e d  NBTR is accomplished by s e l e c t i n g  t h e  a p p r o p r i a t e  RIU-1 
channe l  th rough t h e  u s e  of d i s c r e t e  commands or a d d r e s s i n g  channe l s  75 ( f o r  NBTR 
1) or  76 ( f o r  NBTR-2) f o r  the SM commands. The sequence of commands shown i n  
Table  5.3-2 a l s o  shows t h e  d a t a  portion of t h e  S1.I commands, i n  hexadecimal ,  and 
t h e  d i s c r e t e  commands i n  decinial  values.  
t h e  sequence cf commands n e c e s s a r y  to a c h i e v e  the t r a n s i t i o n  d e s i r e d .  
LSD-WPC-263 
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To i l l u s t r a t e  t h e  command sequences  shown in T a b l e  5.3-2, 
from Off t o  Record, use6 b o t h  d i ~ c r e t e  and SM commands. I n i t i a l l y  d i s c r e t e  
cornmind O16G would be sent t o  R I U  01, channe l  60, for LTBTR 1 Bower On. 'If WTR 
2 were d e s i r e d ,  8 DC 0159 would bc s e n t  t o  RZU OX,  channel  59. Tire a c t u a l  
command format  f o r  t h e s c  commands f a  described i n  ehe Data Format c o n t r o l  Book, 
Volume ITI, Command. In o r d e r  t o  commnd a forward speed o f  0.418 i p s ,  it would 
t hen  be n e c e s s a r y  t o  send a SM command of 0175 t o  select t h e  p rope r  channe l  f o r  
NBTR 1 (0176 for NBTR 2)  fo l lowed by t h e  hexadec imal  v s l u e  of  2E70. The f i n a l  
command wauld be t o  send  t h e  r eco rd  e x e c u t e  S?.f command of  0175 (or 0175) 
fol lowed by t h e  hexadec imal  v a l u e  of 5370. 
t r a n s i t i o n  1, 
Figure 5.3-3 is a l s o  provided  t o  a i d  i n  t h e  r e s o l u t i o n  of  any t a p e  speed e n o m l y  
which may occur  a f t e r  a t r a n s i t i o n  t o  t h e  r e c o r d  o r  p layback  mode. As shown, a 
number of command v a l u e s  (p rov ided  i n  hexadec imal )  w i l l  c ause  e i t h e r  e r roneous  
o r  d e s i r e d  t a p e  speeds .  The purpose  o f  t h e  f i g u r e  18 not t o  s u b s t i t u t e  a l t e r n a t e  
command d a t a  f o r  t h e  nonnal  commands, bu t  t o  a i d  i n  t h e  i n t e r p r e t a t i o n  t a p e  
speed r e s u l t 6 ,  shou ld  a n  anomaly be d e t e c t e d .  
of  
d ,  
5-L4 
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5.4 NBTR CONSTRAINTS 
I_ 
I 
2. If t h e  r e c o r d e r  is at EOT, do no t  EXECUTE commands le t lding t o  forward 1 
1. Avoid r e p e a t e d  s s c c e e s i v e  motor starts. As a gubde, c o n s i d e r  no more 
t h a n  5 STAK'TS i n  any 2 minutes .  
t a p e  motion. I 
3 .  If t h e  r e c o r d e r  is a t  BOT, do not  e x e c u t e  commands l e a d i n g  t o  r e v e r s e  i 
i t a p e  morion. 
I 4. Tape should  be moved end to end d u r i n g  ambient tempera ture  e x c u r s i o n s  I 
g r e a t e r  t han  15°C, though no t  n e c e s s a r i l ~  i n  orie r e e l i n g ;  i .e . ,  t a p e  I 
i should  no t  remain on e i t h e r  reel o v e r  a 15  C range. 
5.5 - NBTR REDUNI)ANCY/CROSS STRAPPING 
Telemetry d a t a  s t o r a g e  and r e t r i e v a l  is provided  by two d e d i c a t e d ,  redundant  












. Each of the Narrowband Tape Recorders is controlled by 2 discrete commands and 
15 serial  commands. 
5.6.1 DISCiZETE COMMANDS 
The discrete coclmands are given in Table 5.6-1. 
i 
Table 5.6-1. Discrete Command List 
i 
1 
R I U  CHAN ACRONYM Command Name I I 
1 60 A W R O N  PaBTE 1 Power OK 
1 62 MWROFF NBTR i P O V ~  e u  
I 
i 1 59 BPlRON RBTR 2 Bower ON 






A 1-second (minimum) delay i s  required af ter  the Power-Old conimand to a l lo i ;  
voltages within the  recorder to s tabi l ize  prior to sending serial  commands to 
configure the recorder. 
5-17 
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The serial eomnmds are d i v i d e d  i n t o  two CategQr%e6:  
1. P r e p a r a t o r y  
2 .  Execut fng  
The p r e p a r a t o r y  commands p r e p a r e  t h e  r e c o r d e r  f o r  t h e  e x e c n t i n g  c o m n d  t h a t  
w i l l  follow. The c o n d i t t o n s  s p e c i f i e d  by t h e  p r e p a r a t o r y  commands Co n o t  t a k e  
e f f e c t  u n t i l  an e x e c u t i n g  command is g iven .  The p r e p a r a t o r y  cosmands d e t e r n i n e  
t h e  f o l l o w i n g  c o n d i t i o n s :  
1. D i r e c t i o n  of t a p e  motion 
2 .  Speed of tape motion  
3 ,  Which p layback  group w i l l .  be used (for playLack node. onSy) 
4 .  CIhfch motor encode r  will be used 
I 
The serial  comands are g i v e n  Ln Tab1.e 5.6-2, w i t h  &cronyas and b i t  patternsw 
Serial comrnands for NRTRl are addres sed  t o  R I U 1  , Channel  5. S e r i a l  couimands f o r  
NBTFU are a d d r e s s e d  t o  RIU 1, Channel  6.  I n  each  case, a 7 i n d i c a t e s  a ser ia l  




. . ..PI 
Table 5 .6 -2 .  S e r i a l  Co 



















Do Nothing  Nota 1 
P r e p a r a t o r y  
Direction Forward *FWD 
Direct ion Reverse  *REV 
S e l e c t  Speed 224.418 i p s  *S22 
S e l e c t  Speed 1816.693 ips A S 1 8  
S e l e c t  Speed 17113.386 i p e  *S17 
S e l e c t  PD Group A *GRPA 
Select PB Croup C * C W C  
Select PB Croup B * C W B  
S e l e c t  PB Froup D "GRPD 
S e l e c t  Primary Encoder  "PEN 
S e l e c t  Secondqry Encoder  *SEN 
E x e c u t i n g  
Stop Execute  (S tandby)  *STOPK 
Record Execu te  *RECX 
Ploybeck Execute  *PBX 
Wind Execute  *VI NDS 






w o o  1000 
010L) l 0 O L  
0100 1010 







0111 0000 3070 
0111 0000 3 170 
0111 0000 2E70 
0111 0000 2x70 
0111 0000 2970 
Qui 0000 4570 
0111 0000 4970 
Otli 0000 4d70 
0111 0000 4B70 
O l i l  0000 3870 
0111 0000 3973 
0111 0000 5070 
0111 0000 5370 
0111 0000 51870 
0111 0000 5570 
I 
*For N B T R l ,  insert A .  Tor  NBTR2, insert  R. 
NOTE 1; The Do Noth ing  ccx~mnci ',s X i l i  X E X ,  where t h e  S's r e p r e s e n t  'Don't 
Cnre' b ' t s .  The tetrJrdew will ignore  "cat  comrr.;v$. The second h a l f  of 
esch ?&-bi t  space;-r~Et comncnd I n  Tnb?e  5 .b -2  i o  ;tic "Do 3 o t h i c ~ "  
command. 
The r c c o r d e r s  can  a c c e p t  two serial commands I n  each  16-bit s p n c e c r s E t  command. 
I t  is p o s s f b l e ,  f o r  example,  t o  g' r? *FWD and "522 f~ t h e  same command as b i n a r y  
0011 0000 0010 I110 (Hex 302E). 
5- l?  
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The recorders  igxiore t h e  f i r s t  and n in th  bit o f  each IQ-bi t  command. The 
example above can be w r i t t a n  XOL! 0000 XO10 1120, where the  X's i n d i c a t e  'Don't 
Care" b i t s .  I n  Table 5.6-2, the f ' t s t  and n in th  b i t s  &re zeroes. 
Among the  5 modes of recorder  opera t ion  (OFF, RECORD, P U Y E A C K ,  WIND, 
t he  recorder =nay be commanded from any one mode t o  any a t h e r  mode. 
STANDBY), 
Ii. 6.3 COMMA:?D SEQUENCES 
Table 5.6-3 shows the  sequence of comnands t o  go into any one o f  the r'ive modes. 
I f  the recorder  is a l ready  ON, i t  is, of course,  not  necessary t o  t u r n  i t  ON 
again.  However, i t  will do no harm to give the  ON command when t h e  recorder  is 
a l ready  ON. Always, t he re  should be a 1-second delay a f t e r  giving the  ON command 













S%+I 0 26 6 
1 
ff t h e  r e c o r d e r  is  o p e r a t i n g  i n  a mod. t h a t  u ses  t h e  same p r e p a r a t o r y  csnnmand 8s 
t h e  next  d e s i r e d  mode, i t  is  not tiecessary t o  give t h a t  preparatory co-nd 
aga in .  For  exaniple, if the r e c o r d e r  i s  i n  the RECORD node and, therefore moving 
fopward, i t  is  not necessa ry  t o  g i v e  t h e  Forward command a g a i n  p r i o r  t o  
comeLandi..g Wind, as l ong  as power remains ON. 
A t  i n i t i a l  tutn-ON of t h e  r e c o r d e r ,  and p r i o r  t o  ally f u r t h e r  commanding, t h e  
r e c o r d e r  is a u t o r r a t i c a l l y  placed into the  fo l lowing  c o n f i g u r a t i o n :  
i 
Direct i o n  - FWD 
Speed 
PB Group - A  
Motor Encoder - Primary 
Execute - Stop (Standby) 
- No s p e c i f i c  speed - may be any valua 
5 . 6 . 4  COMMAND VERIFICATION 
MGthods of command v e r i f i c a t i o n  are g iven  i n  Tab le  5.6-4 which l i s t s  commands by 
acronym, t h e i r  p r e r e q u i s i t e  ccmarids, co.nglement c a m z n d s ,  end a r e f e r e n c e  
paragraph for cormand descriptions. 
5-22 
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Table 5.6-4. Command V e r i f i c a t l o n  
Reference Telemetry 



















5.6 .5 .1  
5.6.5.1 
5.6 .5 .2  
5 .6 .5 .2  
5 .6 .5 .3  
5 e6.5 -3  
5 . 6 . 5 . 3  
5 . 6 . 5 . 4  
5 . 6 . 5  .I, 
5 -6.5.4 
5 . 6 . 5 . 4  
5 -6 .5 .5  
5 . 6 . 5 . 5  
5 . 6 . 5 . 6  
5.6.5.6 

































* G R X  
"GUFD 
* G S A  
*GRPC 
*GRPD 























* P D I R = C )  
*DIRCD=l  
*TPDJR=l 















1 4  !?E m o o  I 
*!f3DE=101 
B i t  Om1 
B i t  o=a 
A f t e r  *FWD 
After Execute 
After *REV 
Af t e t  Execute 




Mter * G W C  
A f t e r  + ? B I  
A f t e r  *GWD 
A f t e r  *PBX 
i 
i SD-WC-2 6 3 
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*hETR 1 commands begin  with 4,: N B T B  2 w i t h  B. 
NBTX 1 te l eme t ry  begins  cith M 1 ;  I?BTR 2 w i t h  32 .  
NOTE I: The a p p r o p r i a t z  p repa ra to ry  connands of Table  5.6-3 are p r e r e q u i s i t e .  
5 a 6  -5  CUMMAND DESCRIPTIONS 
This  s e c t i u n  provides  d e s c r f p t i o n s  of t h e  command f u n c t i o n s  us ing  t h e  acrocjas 
i n  Tables  5.6-1 and 5.5-2. All NBTR ccmmands are addressed  t o  RI ' J  1 (A or C ) .  
The a s t e r i s k  a t  t h e  beginning  of t h e  command acronyms is t h e  CesignaLion o€ t h e  
r eco rde r ;  u se  A f o r  NBTRl and B f o r  NBTRP. 
Funct iona l  schematics  are provided as an a i d  t o  m d e r s t - n d i n p  t h e  cemmand 
i n t e r f a c e .  Exact c i rcuf - t  d e t a i l s  a r e  de f ined  by drawinga elsewhere.  
5 -6 a 5  1 "PWRON -- 
*?WKCFF 
The power OK and poder OFF discrete commands ccntrol a lacchin& r e l a y  it. ",e 
Elecc ran ic s  u n i t  to swi t ch  primary 28 v o l t s  to t k r  reeord.c.7- K / D C  convet te r ,  , as 





These two se r ia l  commands a r e  p repa ra to ry ,  and control t h e  d i r e c t h :  of the tape 
motion. *FWD r e s u l t s  i n  t a p e  mctioa toward EOF. *REV results I n  tape rcotfon 




These t h r e e  se r ia l  c o m n d s  are p repa ra to ry ,  and c o n t r o l  t h e  speed of ,ape 
motion. *S22 must be used for record ing;  *S18 mu?t be used f o r  playback at 128 
kbps; * S i 7  must be used f o r  playback at 256 kbps. 
5.6.5 $ 4  
Reference F igu re  5.6-2. 
These f o u r  s e r i a l  comands  are p repa ra to ry ,  and s e l e c t i o n  is required p r i o r  t o  a 
playback e x e c u t t  commind. The5 each sqlect a p a i r  35 t r ac l - s  t o  be used d u r l r g  
playback. Reference Figsre 3 . 6 - 2 .  
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These two serial commands 
secondary encoder  f o r  d r i v i n g  
comruutztfon f o r  t h e  3-pha5e 
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are p r e p a r a t o r y ,  ana select e i t h e r  the primary or 
the  capstan n o t c t .  Tbe eizcoders c o n t r o l  t h e  
&-Pole bnishiess  Ci igBt ITP  mQCoro SekCt%ot i  erat6e be 
made p r i o r  t o  a n  execu te  command. Eeference  F fgure  5.5-2.  
Each of ehe3e f o u r  execu te  serial commands is a final cmmand., r equ i r ed  t o  p l a c e  
The r eco rde r  i n t a  a p a r t i c u l a r  mode of ope ra t ion .  P r i o r  eo any of  t h e s e  
conamnds, t h e  r e c o r d e r  uust have been t u rned  ON and given t h e  proper  p repa rn to ry  
commands, as shown i n  Tab le  5.6-3, Command Sequences. Reference  F igu re  5.6-2. 




3 .  
4 .  
5. 
6 .  
Command R e s t r a i n t s  
There is  no r e s t r a i n t  on  comraand sequencing;  t h a t  is, the r eco rde r  may 
be conraanded d i r e c t l y  f r o a  any mode t o  any ocher mode. 
Avoid r epea ted  success ive  motor starts. As a gu ide ,  ecrtsfder no more 
t h a n  S starts i n  any 2 minutes.  
I f  t h e  r eco rde r  is a t  ECT, do n o t  execu te  comuands l e a d i n g  t o  forward 
t a p e  rnotiork. 
I f  t h e  r e c o r d e r  is a t  BOT, do n o t  execu te  commands l ead ing  t o  r e v e r s e  
t a p e  no t ion .  
Cont inuous o F e r a t i o n  of the  r e c o r d e r ,  e s p e c i a l l y  a t  high ambient 
t empera tures  might cause  the i n t e r n a l  TrJ tempera ture  t o  exceed t h e  
s p e c i f i e d  40°C l i m i t .  T h i s  c o n d i t i o n  should  n o t  be allowed t o  occur .  
The BOT/EOT sensars are t r i p l y  redundant  using d i g i t a l  sensing a a  
pr imary ,  detection of :ape windows as secondary and a mechmica l  brake  
as t e r t i a r y .  All sensors o u t p u t s  a r e  presented  a s  s e p a r a t e  telenetry 
d a t a .  If  e i t h e r  t h e  secondary o r  t e r t i a r y  s e n s o r s  have ever been 
acruaeed, t h e  r e c o r d e r  should  n o t  be  tu rned  on untfl 8 f a i l u r e  os 
c o a w n d  sequence a n a l y s i s  has  been cnnple ted .  I f  t h e  t e r t l a r y  BOT o r  
EOT sensor has been a c t i v a r e d ,  e l t t i c r  of the fo l iwi r ro ,  actions hrrs 
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nd Sequence and t a p e  p o s i t i o n  A 
r y  and secondary oenscrrs have be 
7 .  Tape should be 50ved end t o  end d u r i n g  ambient tempera ture  excur s ions  
15OC,  though no t  n e c e s s a r i l y  i n  one r e e l i n g :  l e e . ,  t ap@ g r e a t e r  
should no t  remain on eithtkr re@l o v e r  8 15% risnge. 
than  
8. Tape should be r e e l e d  end t o  end ( con t inuous ly )  and set  a t  end-of-tape 
p r i o r  t o  aioving t h e  s p a c e c r a f t  and p r i o r  t o  v i b r a t i o n .  
The r eco rde r  s h a l l  n o t  be exposed t o  g r i m r y  supply  vo l t ages  betveen 1 
and 18 v o l t s ,  excep t  a t  power-ON/OFF. This  v o l t a g e  r Rge f.6 OUt8ida 
s p e c i f i c a t i o n  and nay r e s u l t  i n  damage t o  t h e  r eco rde r .  IE this 
o c c u r s ,  t u r n  o f f  t h e  r eco rde r  as soon 88 p o s s i b l e .  
9. 
10. Avoid f n c e r r u p t i o n s  i n  pr imary power i n  t h e  range of 0,s t o  100 ms. 
I f  t h i s  occu r s ,  t u r n  of f  the  r eco rde r  as (coon as p o s s i b l e .  
11. An i n t e r r u p r i o n  of e h e  excerna l  c l o c k  signal.  i n  L X C B P ; ~  of 0.5 seconds 
may cause t h e  motor t a  s t o p .  b S t o p  Emcu te ,  f o l l a v c d  by sny other 
appropriaec c a m a n d s ,  wflE chen r e s t a r t  t h e  motor. 
1 2 .  The temperature limits, as measured by f h c  recorder incarnal sensors, 
are t o  no& exceed t h e  l i u i t e  given I n  Tabfa 5.6-5. 
13. A l l  racoeders should be heeled end-to-and ( con t inuous ly )  p r io r  t o  
s e t t i n g  launch mode. Recorders  should be p o s f t t o n d  a t  end-of-tape 
whe.1 launched i n  a power OFF mode. I t  can  be? pos i t i oned  onywherc when 
launched whi la  makfng a record ing .  
14. Follwding launch and i n j e c t i o n  i n t o  o r b i t ,  each  Q €  t h e  r eco rde r s  s h a l l  
be g iven  commands t o  e f f e c t  t h e  fo l lowing  seqvence: 
nd r e c o r d e r  Wind t o  BOT, then t o  EO'C. 
b. Command r e c o r d e r  t o  Wnd  o r  P lay  t o  BOT. 
e .  Gcmaence n n r m l  o r b i t  use. 
The objects  of rhce sequence arc: 





SV S-10 26 6 
31 December 1981 + )  
5 e 7  1 TELEMETRY FORMAT LOCATIONS 
. . .  The l c c s t i o n s  of  t h e  Tape Recorder b e l e a e t r y  p o i n t s  in the Mission Format and i n  
the Engineer icg  F o m t  a t e  g iven  i n  F igu re  5.7-1. A l l  of t he  eab!ocr,try p o i n t s  
f o r  both r eco r  krs are a v a i l a b l e  i n  the Efissisa Forajat. I n  t h e  Ecgineer fng  
Form%&, Analog Xu.:t iplexer 82 and Recorder Total Cur ren t  are omit ted because of 
format space l i m i t a t i o n s .  
I n  each f o m t ,  each analog mux is comple te ly  sampled 8 times dur ing  8 major 
frame as shown by t h e  numbers 1 through 8 to t h e  l e f t  of column 79 of t h e  
Mission Format, F igu re  5.7-1. S i m i l a r l y ,  each d i g i t a l  mu:: is comple te ly  GaBQled 
16 times d u r i n g  a major frame as shown by t h e  nunbers 1 through 16 t o  t h e  r i g h t  
o f  C O l l l m n  12. 
T o t a l  Recorder Cur ren t  and Servo E r r o r  a r e  each sampled once i n  each minor 
frame. 
5.7.2 AiiALCG AND DIGITAL MULTfPLEXING 
A list of t h e  analog telemetry p o i n t s  con ta ined  i n  each analog m u l t i p l e x e r  is 
given I n  Table  5.7-1. D i g i t a l  t e l e m e t r y  is mul t ip l exed  t o  e i g h t  (8) words a s  
shown i n  Figure 5.7-2. 
The i n t e r n a l  analog and digital mtllt iplexZng c i r c u i t s  o f  the recorder  a r e  shown 
i n  Figure 5.7-3. The major frame sync pulse w i l l  s e t  t h e  4-Bie addres s  counter 
t o  the  1111 s t a t e ,  a f t e r  which the  fdrst telemetry &see enable p u l s e  will 
advance t h e  address coun te r  to t h e  0030 s t a t e ,  
A l i s t  of a l l  d i g i t a l  and ana log  t e l e m e t r y  p o i n t s  is g iven  i n  Table  5.7-2. 
5.7.3 D I G  I TAL TELEMETRY 
Each d i g i t a l  t e l e m e t r y  monitor is desc r ibed  i n  t h e  fo l lowing  paragraphs.  
5-30 
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31 December 1981 IS 
5.7.3.1 Tape Speed, S@l@ctcd 
Flve b f t s  ( b i t s  SO t o  S4) of Word 2 ind ica te  t h e  t a p e  speed select 
speei, cosr~binnd. The t e l e m e t r y  b i t s  f o r  each of t h e  four (4) srllmsd speeds of 






6.693 I 0 1 0 1 0  
PB 256 mps 13.386 I! 0 0  1 0  
W i n d  33 See h’ote Below I I i 
NOTE: Since no iew speed is commanded when e n t e r i n g  the Wind mode, the speed 
commanded t e l e m e t r y  b i t s  cont inue  t o  i n d i c a t e  t h e  speed that had been 
f o r  t h e  p r e v i o u s  mode. 
5.7.3.2 D i r e c t i o n ,  S e l c c t c d  
One b i c  ( b f t  SS) of Word 2 i ~ i S  .s t h e  tape direct i isn ~ e l ~ ~ ~ t e - 8  by tks last 
d i r c c t l i s n  cornand. A l o g r c  1 indfLSte6areVcrse iEOT t o  BOT) direction; logic 0 
i n d i c a t e s  forward (2OT t o  EOT) d i r e c t b a n .  
5.7.383 Servo Encoder, S e l e c t e d  
-- 
I 
One b i t  ( b i t  SO) of $lord 3 i n d i c a t e s  t h e  s e r v o  encoder  s e l e c t e d .  Logic 0 
i n d i c a t e s  p r imary  encoder:  l o g i c  1 i n d i c a t e s  secondary encoder .  The s e l e c t t o n  
determines which set of Lm/phoco t r a n s i s t o r s  is used for motor c o m u t a t f o n .  
F i g u r e  5.7-4 and 5.7-5 show the arrangement of LED’s and p h o t o t r a n s i s t o r s  in 







NOTOR NOTE: T H E R E  IS A P A S S I V E  
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5.7.3.4 PB Group, Se lected 
Two b i t s  ( b i t s  Sb and S5) of Word 3 i n d i c a t e  which group (pair) of tracks has 
been s e l e c t e d  f o r  data recovery during playback. 
I 
Tracks Telemetry Bits 
I Group Used s4 s5 
i 
I 
A 1 , 2  0 0  
3 3 94 1 0  
C 5 9 6  0 1  
D 7,8 1 1  
The b i t s  w i l l  change i m e d i a t e l y  after a group select (intermediate) command 
received.  
is 
3 5.7.3.5 Operatinq 3o;e 
Three b i t s  ( b i t s  SO to S 2 )  of Word 5 i n d i c a t e  the recoreer present  operattng 
mode, as shown i n  the t a t l e  below: 
7 
Telemetry B i t s  I Node -r;;; 
i Stop 0 0 0  
1 
f Record 1 1 0  
1 Playback 0 0 1  
1 Wnd 1 0 1  I 
I 
L SD-‘IJPC-2 6 3 
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I f  t h e  r e c o r d e r  reaches EOT o r  BOT d u r i z g  r e c o r d ,  playback,  o r  wind, t h e  
r e c o r d e r  will r e v e r t  t o  s tandby ( s t o p )  and t h e  b i t s  w i l l  go t o  a l l  ze ros .  
B i t s  w i l l  change t o  i n d i c a t e  t h e  o p e r a t i n g  node o n l y  a f t e r  the eppsopziate 
execu te  c o m n d  has been received.  
5.7.3.6 - D i r e c t i o n ,  O p e r a t i n g  
One b i t  ( b i t  53) of Word 5 i n d i c a t e s  t h e  p r e s e n t  o p e r a t i n g  mode. A l o g i c  0 
i n d i c a t e s  forward (BOT t o  EOT); a logic 1 i n d i c a t e s  r e v e r ~ e  (ROT t o  BOT). 
If t h e  r e c o r d e r  r eaches  BOT o r  EOT, t h e  b i t  will reaaain i n  i t s  c u r r e n t  s ta te .  
The b i t  is u n a f f e c t e d  by a select d i r e c t i o n  command and changes on ly  a f t e r  an 
execu te  command. 
5.7.3.7 Opera t ing  Group 
Two bits (bits S4 and 55) of Word 5 i n d i c a t e  
fo l lous  : 





I Group Used s4 ss I 
0 0  
! 
! A 1 8 2  
I B 3 9 4  O L  
i 
I 
586 i o  C 
D 7 9 8  1 1  
1 
i 
I f  t h e  r e c o r d e r  reaches EOT o r  BOT, t h e  b i t s  w i l l  no t  change.  
The b i t s  are u n a f f e c t e d  by a s e l e c t  group ( i n t e r m e 6 i a t c )  c o m a a d ,  but  change 
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5.7.3.8 Ter tda ry  BOT 
One b i t  ( b i t  SO) of Word 6 i n d i c a t e s  t h e  s ta te  of t h e  t e r t i a r y  EOT microswitch.  
A loghc I indicates the swi tch  in c losed  a d  t h e  r eco rde r  is a t  t e r t i a r y  BOT. 
l o g i c  0 inciicatea t h e  swsich is open and t h c  r e c o r d e r  is  not a 
F igu re  5.7-6 shows t h e  Payout of t h e  t e r t i a r y  microswitch and brake. 
A 
5.7.3.9 T e r t i a r y  EOT -
One b i t  ( b i t  S1) of Word 6 i n d i c a t e s  t h e  s ta te  of t h e  t e r t i a r y  ZOT microswitch.  
A l o g i c  1 indicates t h e  swi tch  1s c losed  and t h e  r e c o r d e r  i s  a t  t e r t i a r y  EOT. 
l o g i c  0 indicates t h e  swi tch  is open and t h e  r eco rde r  is no t  a t  t e r t i a r y  EOT. 
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One b i t  ( b i t  52)  of Word 6 i n d i c a t e s  t h e  l o c k  s t a t e  of t h e  servo phase Locked 
loop  which c o n p m x ~ ~  the  c a p s t a n  eax'norneter pulses t o  t h e  input c lock  during 
RECORD. During playback,  t h e  clock der ived  from the playback o u t p u t  s i g n a l  is  
compared t o  an i n t e r n a l  c rys ta l .  o s c i l l a t o r .  
A l o g i c  1 i n d i c a t e s  t h a t  t h e  servo PLL is locked ,  and t a p e  is moving a t  t h e  
c o r r e c t  speed.  A l o g i c  0 i n d i c a t e s  t h a t  t h e  servo PLL is n o t  locked, and t a p e  
is t h e r e f o r e  not rnoviag at t h e  synchronous speed. 
5.7.3.11 SecondarJ 202 
One b i t  ( b i t  S4) of Word 6 i n d i c a t e s  t h e  s t a t e  o f  t h e  secondary BOT s e n s o r  
( p h o t o t r a n s i s t o r ) .  A l o g i c  
0 i n d i c a t e s  t h a t  t h e  sensor is n o t  i l i laminated.  S i n c e  t h e  sensor is i l l u m i n a t e d  
f o r  o n l y  a s h o r t  t ine ( s e v e r a l  micro-seconds) i t  i s  l i k e l y  t h a t  i t  won't be 
observed a t  secondary  BOT. F i g u r e  5.7-6 6 h O W S  t he  l o c a t i o n  of t h e  secofldnry BOT 
setisor. 
A l o g i c  1 i n d i c a t e s  t h a t  t h e  s e n s o r  is i l l u m l n a t e d .  
5.7.3.12 Secondary EOT -
One b i t  ( b i t  S5) of Word 6 i n d i c a t e s  the s t e t e  of t h e  secondary EQT s e ~ l ~ o r  
( p h o t o t r a n s i s t o r ) .  A logic 
0 i n d i c a t e s  Chat t h e  S@D.SDT is iiot i l l u m i n a t e d .  Since ;:he s e m ~ r  ir; i l l t m i n n t e d  
f o r  0~3 .y  a s h o r t  tire (several microseconds) ,  ft: i s  1ikel.y t h a t  i t  won't be 
observed at secondary EOT. Figure 5.7-6 shows t5e l a y o u t  or" the  secondary  EOT 
sensor. 
A l o g i c  1 in r ' i cs tea  t h a t  t h e  s e n s o r  is  illuainaccd. 
5.7.3.13 Primary 
One b i t  ( b i t  S6) of Word 6 i n d i c a t e s  t h e  s t a t e  of the  primary BOT s e n s o r  
( caps t an  tachometer  pulses p e r  one lower reel r o t a t i o n ) .  A l o g i c  1 i n d i c a t e s  
t h a t  t he  numher o f  caps t an  tachometer  p u l s e s  f e l l  below a p r e s e t  number on three 
success ive  r o t a t i o n s  of the lower  ree l ,  and t h a t  t h e  t ape  is t h e r e f o r e  a t  BOT. 
A l o g i c  0 i n d i c a t e s  t h a t  t h e  t a p e  is not  a t  BOT. 
5.7.3.14 Primary EOT 
One b i t  ( b i t  S7) of Word 6 i n d i c a t e s  t h e  s e a e e  of t h e  primary EOT sensor 
( c a p s t a n  tachometer p u l s e s  p e r  one lower ree l  ro t a tLon) .  A iogic 1 i n d i c a t e s  
t h a t  number o f  c a p s t a n  tachometer  pulses exceeded a p r e s e t  number Qn t h r e e  
successive r o t a t i o n s  of t h e  Lower r e e l ,  and tha: t h e  capo- is t he re fo re  a: EOT. 
A logic 0 i n d i c a t e s  t h a t  the cepe is no t  a t  EOT. 
See Figure  5 . 7 - 7 .  
-
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0 ~ 1 ~ ~ ~ ~ ~  PRGE FS 
OF POOR QUALIT"f 
5.7.3.1.5 Tape P o s i t i o n  
Eight  b i t s  ( b i t s  SO-7) of Word 7 i n d i c g t e  t h e  t a p e  p o s i t i o n .  P r e s e t  v a l u e s  ob 
69 and 180 i n d i c a t e  BOT and EQT r e s p e c t i v e l y .  Between t h e s e  two v a l u e s ,  111 
counts  is equivalent t o  255 minutes  of RECORD, o r  t y p i c a l l y  2.3 minutes  p e r  
count .  The f i r s t  b i t  (SO) r e p r e s e n t s  t h e  LSB. 
5.7.3.16 _Sync B i t s  and Unused B i t s ,  Power ON/OFF --- 
O f  a p o s s i b l e  64 b i t s  (8 words X 0 b i t s  per word), 30 b i t s  are used a c t i v e l y  f o r  
t h e  t e l e m e t r y  points d e s c r i b e d  i n  t h e  preceding  paragraphs and 34 b i t e  are f i x e d  
b i t s  l a b e l e d  e i t h e r  as sync  b i t s  o r  as unused b i t s .  The f i r s t  bi: of t h e  first 
word of t h e  d i g i t a l  nux is used as a n  i n d i c a t i o n  of r e c o r d e r  power ON ( l o g i c  1). 
5.7.4 A N U O G  TELEMETRY 
Each ana log  t e l eme t ry  moni tor  is desc r ibed  i n  t h e  fo l lowing  paragraphs.  
5.7.4.1 Pzessu re  
Transpor t  
The s e n s o r  c o n s i s t s  of a diaphragm s e p a r a t i n g  an  enclosed evacuzted  chamber f son  
t h e  a t m s p h e r e  of t h e  ( s e a l e d )  t racspore:  u n i t .  The diar,hragrn moves t h e  ann af a 
p o t e n t i o a e t e r  i n  r e sponse  t o  t h e  d i f f e r e n t i a l  p r e s s u r e  between t h e  t r a n s p o r t  end 
t h e  evacuated chamber. 
U n i t  p r e s s u r e  is neasured  by a sensor placed under t h e  s o t o r  board. 
The p r e s s u r e  monitor  is v a l i d  onLy dur ing  playback. 
5.7.4.2 Motor Speed 
Xotor speed t e l eme t ry  i s  der ived  from t h e  caps t an  tachometer .  t h e  t e l eme t ry  
v o l t a g e  i s  l i n e a r  w i th  r e s p e c t  t o  t h e  motor speed. 
Typica l  Values: 
Tape Speed Motor Speed 
Recordor Mode IPS Telemetry (V) 
- 
Record 0.418 0.5 
Pa 128 REPS 5.693 1 .4 
PB 256 KBPS 13 -386 2 -3  
Wind 33 5 .O 
LSD-kTC-26 3 
5.7.4.3 Motor Cur ren t  
Motor c u r r e n t  t e l eme t ry  is d e r i v e d  fro= t h e  v o l t a g e  drop across 8 r e s f s t o r  i n  
series with t h e  motor winding c i r c u i t .  (5.1 
volts) f o r  t a p e  speeds above 2 i n c h e s  p e r  second. 
5 .7 .4  -4 
The ou tpu t  of t h e  c a p s t a n  tachometer p h o t o t r a n s i s t o r  is monitored Lo assess t h e  
o p e r a t i n g  s ta te  of t h e  tachometer s enso r s .  The p h o t o t r a n s i s t o r  r e c e i v e s  l i g h t  
from t h e  LED, through t h e  encoder  d i s c  o u t e r  t r a c k  of 2600 line p a i r s ,  as shown 
The c u r r e n t  is r e l a t i v e l y  c o c s t n n t  
Tachometer Sensor  (P r imary  and Secondary) -
in Figure  5.7-4. 
The analog ou tpu t  v o l t a g e  is  i n v e r s e l y  p r o p o r t i o n a l  t a  t h e  c a p s t a n  sped. 
Typical  o u t p u t  v a l u e s  are: 
Tachometer 
SaEGOr (Voles)  
Tape Speed 
Recorder Mode IPS L 
Record 0.418 
PB 128 KBPS 6.693 2.2 
i 
i i 








5.7.4.5 i-5 Volt Power 
+5 
4-5 v o l t  secondary  v o l t a g z  supply.  
The t e l e m e t r y  i s  l i n e a r  w i t h  respect t o  supply v o l t a g e ,  and i s  5.0 v o l t s  fo r  a 
supply ou tpu t  o f  5 v o l t s ,  and 0 t e l eme t ry  volts f o r  0 supply v o l t s .  
5 . 7 . 4 . 6  SEOT, SOBT Sensors 
The SEOT and SBOT s e n s o r s  are p h o t o t r a n s i s t o r s ,  which r e c e i v e  l l g h t  from LED's 
through t a p e  windows ( c l e a r e d  p o r t i o n s  of t h e  t a p e )  a t  BOT 3nd E3T. The s e n e o r s  
normally r e c e i v e  no l i g h t  and t h e  t e l e m e t r y  is norinally a t  0 t o  0.7 A t  
EOT or  aOT t h e r e  i s  a s h o r t  ( 5  millisecond) pu l se .  
-- 
Volt Power t e l eme t ry  is d e r i v e d  from measurement of t h e  d i r e c t  ou tpu t  of t h e  
_I_- 
v o l t s .  
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5.7 .ti .7 -- Reel. Sensos, Primary s d i l n 6 a n t  
The reel  s e n s o r s  are c o n t r i b s t o r s  t o  b o t h  t h e  Primary BOT/EOT sens ing  snd  t o  t h e  
t a p e  p o s i t i o n  i n d i c a t o r s ,  as shown i n  F tgure  5.7-7. The t a b  on t h e  lower reel 
of t h e  r eco rde r  i n t e r r u p t s  t h e  f low of  l i g h t  between t h e  LFD and p h o t o t r a n s i s t o r  
o f  each  of two redundant  s e n s o r  p a i r s ,  l o c a t e d  t o  t h e  r i g h t  of t h e  reels i n  
F igu re  5.7-6. 
The ree l  s e n s o r  t e l eme t ry  r e p r e s e n t s  t h e  c u r r e n t  i n  t h e  p h a t o t r a n s i s t o r  and i s  
t y p i c a l l y  5 v o l t s  excep t  when t h e  t a b  i n t e r r u p t s  t h e  l r g h t  from t h e  LED, when it 
falls t o  n e a r  z e r o  v o l t s .  
5.7.4.8 Encoder Sensor:  #I, #2,  83 Primary 
I_-- 
Secondary 
The encoder  d i s c  a t t e c h e d  t o  t h e  motor and c a p s t a n  c o n t a i n s  commutator t r a c k s  
(F igu re  5.7-4) t h a t  i n t e r r u p t  tfia l i g h t  f l ow from 6 LED's to 6 p ; lo to t r ans r s to r s .  
The s i g n a l s  from t h e  p h o t o t r a n s i s t o r s  ( s i g n a l s  A, B, C of F igu re  5.7-5; are used 
t o  c o n t r o l  t h e  e x c i t a t i o n  o f  t h e  3 phase motor. 
The encoder  s e n s o r  t e l eme t ry  represer , t s  t h e  c u r r e n t s  i n  the 6 p h o t o t r a m i s t o r s ,  
and is t h e  ave rage  of t he  l i g h t e d / n o t  l i g h t e d  va lues .  A t  low tape speeds ,  
r i p p l e  v c l t a g e s  become appa ren t .  The n o w a r  average  vol tage  Ls 2 . 5  colts a t  
h igh  speeds to  3.0 v o l t s  a t  low speds .  
5.7.4.9 Playbeck Vol tagp ,  Channels 1 through - 8
The p l a y t a c k  vo l t age  t e l e a e t r y  is der ived  from t he  peek-detected ana log  playback 
s i g n a l ,  cond i t ioned  t o  the  t e l eme t ry  v o l t a g e  range. The t e l eme t ry  v o l t a g e .  
ranges  from 0.4 v o l t s  t o  2.0 v o l t s .  
5.9.4.10 - EU Temperature 
E3 t empera ture  is  de r ived  from a t h e r m i s t o r  mounted a t  t h e  power t r a n s i s t o r  i n  
t h e  power supply.  
5.7.4.11 - TU Temperature 
TU t empera ture  is der ived  from a t h e s u d s t o r  mounted on t h e  top  of the  tape 
near  t h e  record lp layback  head. 
5.7.4.12 Ground 
deck 
The ground t e l eme t ry  s u p p l i e s  a 0 v o l t  analog s i g n a l ,  and shou ld  t h e r e f o r e  
r e s u l t  i n  a z e r o  v o l t  s i g n a l  i n  ground process ing .  
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Tape Speed Telemetry 
hecorder  Node IPS Vol t s  I 
5 .? -4 .13 Power Supply Voltage,  "6, -12, +l& +12, fin& +5 VoPra 
These teleuietay po!.nts are the  ou tpu t s  of t h e  secondary suppl l tes ,  condi t ioned  t o  
t h e  t e l eme t ry  range. 
The t y p i c a l  t e l eme t ry  vo l t age  fo r  t h e  n o a i n a l ,  nominal +l v o l t ,  and nomina1 -1 
v o l t  ou tput  v o l t a g e  are g iven  below. 
-6 V -12 v +15 Y +12 0 I 
Nolninal -4-1 V (-5) 3.2  (-11) 2 .4  (+16j 3.75 (+13) 3 .4  (+Si  3.0 
Nominal ( -6)  2.2 (-12) 1,4 (+15) 3.5 (+12) 3 .1  (+5) 2.5  
I 
f Nominal -1 V (-7) 1.2 (-13) 0 .4  (4-14) 3.25 (+?I) 2.3 ( + 4 )  2.0 
5.7.4.14 Servo E r r o r  
II_- 
An analog signal is der ived  f r o m  with in  t h e  8ex-m l m p  thaz can be used to 
assess the h e a l t h  of t h e  se rvo  s y s t e n .  T h e  sccvo error  signal i a  a func t lon  a€ 
motor speed and v a r i e s  from nomi.nrt1 depending on parameters  such CB bear ing  
f r i c t i o n ,  t ape  t e n s i o n ,  etc.  Typica l  va lues  are shorn below: 
* 
LSD-WPC-26 3 
5.7.4.15 Recorder  Total Cur ren t  
ha analog signal is d e r i v e d  by measuring the v o l t a g e  developed  FIcros6L &I 0.1 
r e s i s t o r  i n  series w i t h  t h e  retttrn of t h e  pr imary  woltage i n p u t  t o  t h e  r e c o r d e r .  
The wcrltaagc is c c n d i t i o n e d  t o  t e l c J e t r y  rauge b v  a CA3l3Z ampli,ficr, which $B 
powered conzinuoilsly by priraary i n p u t  v-lrage. 
Typical o p e r a t i n g  values are shown below: 
- 
-_L_ 
Tnp? L Cur ren t  
Mode ( b P S )  i V o l t s )  
-I- F Standby .OB5 0.7 
Record .c29 2 -9 
Playback  .708 5.2  
k'i nd -429 2.9 
I 
5.7.5 IELLEMETRY IKTF.UACE C I  KCUITS 
The i n t e r f a c -  c i r c u i t s  for the multiplexed analog telemetry as shvwn t n  Figure 
507-8. 
The non-mult iplexed a n a l o g  t e l e m e t r y  I n t e r f a c e  cfrcuit for t h e  servo e r r o r  is 
shown i n  F i g u r e  5.7-9. 
The i n t e r f a c e  c i r c u i a  f o r  t h e  mul t ip l exed  d i g i t a l  t e l e m e t r y  arc shown in F i g u r e  
5.7-10. 
The non-multiplexed Paalog telemetry i n t e r f a c e  c i r c u i t  f o r  t h e  recorder i n p u t  
c u r r e n t  is shown in f i g t r e  5.7-11. 
5.7.6 AKALDG TEL%ZTI,Y ChLIBRATXON 
For i n f o r w t i o n  r e g a r d i n g  c a l i b r a t i o n  c u r v e s  f o r  t h e  t e l e m e t e r e d  f u n c t i o n s ,  see 
Appendix A . 5 .  
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FIGURE 5.7-8 ?ELTIPLEXfD ANALOG TEU:METRY INTERFACE 
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ON-BOARD COWTER (OBC) 
The On-Board Coaputer (OBC), USA Standard Spacec ra f t  Computer (WSSC-I), i s  a 
cmponen t  of t h e  C&DH subsystem. The NSSC-1 used on t he  rnt l r iniss ion modular 
s p a c e c r a f t  i s  a g e n e r a l  purpose progrnnmable d i g i t a l  computer u t i l i z i n g  a n  
18-bit word. The C e n t r a l  P rocesso r  Module (CPM), c o n t a i n s  a convent iona l  CPU, 
(Cen t ra l  Process ing  U n i t ) ,  two-s cwplercent  arithmetic and an Input-Output with 
16 Direct Memory Access (DMA) channels  and 16 p r i o r i t y  i n t e r r u p t s .  The CPU is  a 
double l e n g t h  accumulator ,  s i n g l e  index r e g i s t e r  type  wi th  55 single word 
i n s t r u c t i o n s .  
The 
banks of 4096 18-bit words. 
OBC rnemory is made up  of e i g h t  memories and each memory i s  div ided  into two 
There are 16 memory banks numbered 0-15. 
The 0 3 C  f l i g h t  execut ive  t e c h n i c a l  d e s c r i p t i o n  is i n  S-700-5, Mpls F l i g h t  
Execut ive User’s Guide. 
6.1 OBC STIhT FUNCTIONAL DESCRIPTION 
The On Board Computer performs t h e  fo l lowing  €unct ions :  
-- 
1. Performs on-board computations 
2. Provides  r e a l t i n e  c o n t r o l  f o r  Landsat-D subsystens. 
3. S t a r e s  commands for subsystems and executes  them at s p e c i f i e d  times. 
4 .  Performs telemetry formatting.. 
The STINT (STACC I n t e r f a c e )  provides  a l l  cornnunicaticans t o  and from t h e  OBC. 
F igure  6.1-1 shows a block diagram of t h e  STINT OBC conf igu ra t ion  used aboard 
Landsat-D. The OBC is  de f ined  t o  be t h e  redundant CPMs (Cen t ra l  Processor  
Modules) and e i g h t  nemorie,,. 
and four  a r e  accessed bv the  UPPER PKMORY BUS. E i t h e r  CP?! can access memory 
on e i t h e r  memory bus. The Landsat-S f l i g h t  sof tware  r e q u i r e s  t h e  use  of a l l  
e igh  t memo ri es . 
Four memories a r e  accessed by the  LOVJX PIEFIORY RIJS 
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STINT A and CPM A are ded ica t ed ,  and are powered by d e d i c a t e  Power Supply A. 
STINT B and CPM B are ded ica t ed ,  and are wwered by dedica ted  Power B. 
The STLWT CPM p a i r  is  s e l e c t e d  by commanding ON the a p p r o p r i a t e  power supply. 
Power Supply A o r  Power Supply B must not  be comwnded ON without  f i r s t  
commanding t h e  o the r  power supply  OFF. 
The C&DH Power Cont ro l  Uni t  (PCU) c o n t a i n s  t h e  pGwer s u p p l i e s ,  t h e  1.8 MHz OBC 
c locks  and t h e  power clear modules. The PCU con ta ins  redundant 1.8 MHz X t a l  
o s c i l l a t o r s  and redundant power c l e a r  modules. O s c i l l a t o r  A is dedica ted  t o  
STINT OBC A, and o s c i l l a t o r  E is dedica ted  t o  STINT OBC E. Power c l e a r  A is 
dedicated t o  STINT A, and power clear B i s  dedica ted  t o  STINT B. 
Supply 
6.1.1 OBC STINT POWER SUPPLIES 
Figure  6.1-2 shows t h e  power d i s t r i b u t i o n  t o  t h e  STINT OBC and t h e  ACRONYM f o r  
t h e  commands t h a t  select t h e  opt ions .  Power supply  A is dedica ted  t o  1.8 MHz 
o s c i l l a t o r  A, Power Clear A,  Computer F a i l u r e  Detec tor  A ,  STINT A and CFPEI A. 
Power Supply B is dedica ted  t o  same u n i t s  on t h e  "B" s i d e .  The A or B s i d e  i s  
se l ec t ed  by tu rn ing  on t h e  corresponding power supply. 
The Lzndsat-D f l i g h t  sof tware  uses  the complete e i g h t  nercories and t h e  m e m o r y  is 
not  redundant. The ewo memory pw-r s e l e c t  swftches mst be s e t  t o  powtz t h e  
memory from t h e  power supply thaL \ J i l l  be turned ON. 
6.1.1.1 Power Clear Uni t  ---
The PCU con ta ins  redundant power c l e a r  c i r c u i t s .  Power Clear A i s  dedica ted  t o  
Power Supply A and Power Clear B i s  dedica ted  t o  Power Supply B. The Power 
Clear  c i r c u i t  i s  used t o  send t h e  h a l t  s i g n a l  t o  t h e  OBC via  rhe  STINT. And 
when t h e  signal i s  r ece ived ,  t h e  CLEAR NSSC w i l l .  be executed t o  HALT t h e  OBC. 
6.1.1.2 OBC STINT Power F a u l t  Condi t ions  
-_I______ 
The OBC power s u p p l i e s  have c i r c u i t s  t h a t  m n i t o r  t h e  output  vo l tage  and c u r r e n t  
and sets up f a u l t  c o n d i t i o n s  f o r  undervol tage ,  overvol tage  and overcur ren t .  The 
f a u l t  cond i t ions  o e p r a t e  t r i p  c i r c u i t s .  
The overcur ren t  and undervol tage  f a u l t s  cause t h e  t r i p  c i r c u i t  t o  l a t c h ,  and t h e  
DC/DC conve r t e r  vo l t ages  a r e  turned OFF and remain OFF u n t i l  r e s t o r e d  by 
appropr i a t e  cmn;ands. To r e s t o r e  the  vo l t age ,  t h e  power supply i s  turned of f  by 
sending t h e  Power Supply OFF coinnand followed by t h e  Power Suppl.y ON coamin'nd. 
Xf the  f a u l t  hes  c l e a r e d ,  t h e  ope ra t ion  cf t he  power supply i s  r e s to red .  
The overvoleage f a u l t  does not  l a t c h  t h e  t r i p  c i r c u i t ,  and when th+  f a u l t  is 
removed, the  power  i s  - r e s to red  without  sending any commnds. 
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I n  a l l  t h r e e  cases (ove rvo l t age ,  o v c r c d r r e n t  and w d e m o l t a ~ e ) ,  t h e  Por6e.r Clear 
h a l t s  t he  OBC and t h e  OBC CLEAR NSSC, and INITIATE MSSC preceeded by CTD DISABLE 
commands must  be sent t o  start: t h e  OBC. The Computer F a i l u r e  Detector (CFD) 
must  be d i s a b l e d  t o  preven t  it from h a l t i n g  t h e  OBC b e f o r e  t h e  OBC can a t a r t  t h e  
OBC Se l f  T e s t  r o u t i n e .  ’* 
The OBC STINT is c o n t r o l l e d  by d i a c r e t e  commanda addressed  t o  KIU 1. The 
command sequence to power up t h e  OBC STLILT is a5 fo l lows:  
1. STINT A AND NSSC A OFF t u r n s  o f f  the A s i d e  
2. STINT B AND NSSC B OFF t u r n s  o f f  t h e  B a i d e  
3.  ENABLE MEMORY 0 ( 0  and 4)  
ENABLE MENORY 2 ( 2  and 6)  
ENABLE MEMORY 1 (1 and 5) 
ENABLE MEMORY 3 ( 3  and 7) 
Enablao t h e  e i g h t  mernorlee. 
4 .  SELECT POWER SIJPPLY A MEEiOKY 0 AND 2 ,  SELECT POWER SUPPLY A MEMORY I 
AND 3 e r s b l e s  t h e  memory t o  be powered f r o a  Power Supply A. 
5. STINT A and NSSC A ON 
Turns on t h e  power t o  STINT A and OBC A and starts OBC func t ion ing  
t h e  hardware c c n t r o l  mode. 
i n  
6. DISABLE COMPUTER FAILURE DETECTOR A d i s a b l e s  t h e  CFD l o c a t e d  i n  t h e  
PCU (Power C o n t r o l  Un i t ) .  
7.  INITIATE NSSC - Word f o r  computer command s t a r t s  OBC execu t ion  i n  
so f tware  c o n t r o l  mode. 
t h e  
8. L n i t i a t e  t h e  so f tware  r o u t i n e s  (Processors) t h a t  g e n e r a t e  t h e  OBC t e s t  
command s . 
9. ENABLE COMPUTER FAILURE DETECTOR A - Enables  t h e  CFD and t h e  OBC w i l l  
halt anytime t h e  CF3 f a i l s  t o  r e c e i v e  t h r e e  conaecuCive COMPUTER A f 
SECOND TEST d l s c r e ~ .  coiimands. 
Note t h a t  bo th  Power Supply A and B must be OFF f o r  a t  l e a s t  60 seconds befo re  
the  meuorv e e i e c t  comrnands are s e n t .  And both Power Supply A and B must no t  be 
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6.1.2 OBC STINT DATA FLOW 
Figure  6.1-3 shows a s imp:if ied block diagram of the  CU (STACC Cen t ra l  Un i t ) ,  
t h e  STINT, the CPM and t re  OBC memory. The diagram shows t h e  d i r e c t i o n  of t h e  
d a t a / s i g n a l  flow between t h e  va r ious  u n i t s .  STINT CPM are dedica ted  and d a t a  
f l o w  to t h e  s i d e  t h a t  i s  powered ON. The CU INT u n i t s  are c r o s s  s t rapped  and 
e i ther  CU A o r  CU B can 'De used  wi th  t h e  ST CPM t h a t  is turned ON. The OBC 
me-lory is not redundant. 
6.1.2.1 STINT-CU 
Each STINT i n t e r f a c e s  wi th  both CUB (F igure  6.1-3). The a c t i v e  CU provides  
sync ,  enable ,  c lock ,  d a t a  and address  s i g n a l s  t o  both STINTS s imul t anews ly .  
This provides  f o r  fou r  basic computer func t ions :  
1. Trans fe r  of forward l i n k  s to red  commends (or  da t e )  t o  the  memories. 
2. Telemetry format c o n t r o l  and computer d a t a  r eques t s  from t h e  OBC 
3.  Stored commands i s s u e d  € r m  the OBC and 
4 .  Return of computer reques ted  d a t a  t o  t h e  OSC and monitoring of r e t u r n  
l i n k  d a t a  by t h e  GBC. 
The CU decodes t h e  forward l i n k  commands and t h e  ones f o r  t h e  OBC are 
t r a n s f e r r e d  t o  t h e  STINT. OB!: t e l eme t ry  r e q u e s t s  and t h e  "s tored  commands" are 
t r a n s f e r r e d  from t h e  STINT t o  the  CU. The te lemet ry  r eques t  by t h e  OBC is 
t r a n s f e r r e d  from t h e  CU t o  t h e  STINT. 
6.1.2.2 STINT-OBC 
Data t r a n s f e r  between t h e  STINT-OBC is a dedica ted  t r a n s f e s .  Included i n  the  
s i g n a l s  t o  t h e  OBC a r e  t h e  v a s i m s  CU commands p lus  t h e  power clear and 
o s c i l l a t o r  s i g n a l s  from the  PCU. Signals  t o  t h e  STIMT inc lude  acknowledgements 
and var ious  t iming  func t ions .  
6 . 1 . 2 . 3  STINT and OBC t o  Memory ----
The STINT and OBC provide s e p a r a t e  upper  and lower bus i npu t  and ou tpu t s .  See 
F igure  G.l-1. Data t o  a memory bus i s  obt8:ned i n  p a r a l l e l  (on ly  one OBC-STINT 
p a i r  is a c t i v e ) ,  d r i v i n g  all nesorLes on t h e  bcs in p s r a l l c i .  The al te i inare  
memory bus is  fed  similc-lrly. Addressing o f  t h e  rr.emries is prcv fded  by t h e  DBC 
w h i l e  d a t a  i s  provided by e i t h e r  STINT or OBC. 
Output d a t a  from t h e  memories t o  t h e  STINT-OSC have t; similiar conf igu ra t ion .  
Memories on a g iven  bus are p a r a l l e l  srxl feed the  p a r a l l e l  combination of 2 O B C s  
apd 2 STINTS. 
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6.1.2.4 STINT-PMP 
Each STINT supp l i e s  memory dump d a t a  to t h e  redundant PMPs a t  the command 
> e l e c t a b l e  rate of 32 Kbps o r  1 Kbps. Add i t iona l ly ,  i t  provides  both  a 1X and 
f X  clock.  
6.1.2.5 STINT-PCU 
The 1.8 MHz OBC c lock  and OBC clear are suppl ied  from t h e  PCU. These are 
dedica ted  and, a s s o c i a t e d  wi th  the  r e s p e c t r i v e  A and B power suppl ies .  I n  t h e  
absence of e i t h e r  proper  vo l t age  t o  the computer (PCU power clear c i r c u i t )  o r  a 
1 second s e l f  cheek s i g n a l  f r m  t h e  computer (be fo re  3 seconds have e l apsed )  
(PCU Computer F a i l u r e  De tec to r )  t h e  PCU output  c i r c u i t  w i l l  provide a ground 
pa th  and cause  t h e  corrputer t o  h a l t .  The Coznputer F a i l u r e  Detec tor  (CED) must 
i n i t i a l l y  be d i sab led  (by command) in o r d e r  t o  s ta r t  t h e  computer. Once h a l t e d ,  
t h e  recur rances  of 1 second s e l f  check s i g n a l s  m l l  not start t h e  computer. The 
CFD must be d i sab led  then  re -enabled  a f t e r  t h e  processor  t h a t  Rends t h e  OBC Self 
T e s t  commands once per second is  i n i t i a l i z e d .  
6.2 PERFORMAHCE CAPABILITIES 
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Table  6.2-1. OBC Capab i l i t y  Summary 




Sns truct ion  Word 
Data Flow 
Data Type 
No. of I n s t r u c t i o n s  
Add T i n e  
l h i t l p l y  Tdnc 
Divide T ime  
Clock Rate  
No. of Index Reg i s t e r s  
Opera t iom per  Sec. 
I n d i r e c t  Addressing 
A c  cu mu l a  t o r  





18 B i t s  
18 B i t s  
P a r a l l e l  
Fixed Po in t  









Load and S t o r e  
Double Length 
16 Mul t i l eve l  
Direct, 1OOK words 
P e r  C h a m e l  I/O 
Rate 
4 to  8 





















6 . 3  STINT/ORC !'!ODES OF OPERATION -- I 
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The STIPI'T/@EC arc &<?cared de:*?ces in  t h a t  !XI!iT A is  connected t o  OBC A. The 
same i s  e rue  of the B s ide .  The f i r s t  l e v c l  of o p e r a t i n g  ri~ldf25 t h e r e f o r e  $ 8  OK 
or @FF (RO power). The modes are s u a w r i e c d  no follows: 
1. OX/OFF 
2. Hardware Con t ro l l ed  (Load or  'hap) 
3 .  Sofcuare Cont ro l l ed  (Operating System) 
The MMS OBC F l i g h t  Execut ive  Technica l  Desc r ip t ion ,  S-700-56B covers  the 
c o m n d s  for t h e  modes o f  STLKT-NSSC opera t ion .  
6.3.1 ON/OFF HODE 
The ON Mode i s  used a f t e r  the Power ( A  o r  E) €or nremory and memories enable 
commands are i ssued .  Power A c o r r c s y n d s  t o  STINT A and OBC A. The Computer 
F a i l u r e  De tec to r s  in t h e  !'CU must be d i s a b l e d  u n t i l  t h e  OBC is s t a r a e d  since 1 
second computer s e l f  check Fu l scs  w i z l  begin v i t h  OBC f n i t i a t i o n .  This mode 
( O R )  is  used a f t e r  t h e  STiXT-OEC (NSSC) is tu rned  OFF f o r  a few seconds p r i o r  t o  
any r e c o n f i g u r a t i o n  of t1.e on-line w m s i c s .  Also, i f  t h e  PCU p r o t e c t i o n  t r l p  
c i r c u i t  is a c t i , . a t e d  by tencporary Sc:b w l t a g e  i n t e r r u p t i o n ,  Che OGC-STIiiT u t l l  
ae shutdown. To restart .  tlrr S i Y K - C R C  must be powered OFF t h e n  OK, the 
Cvmputbr F a i l u r e  d i s a h l e d ,  :he O X  Ftlsrted by B Conrl+utcr wora c-mnd as above. 
6 . 3 . 2  WRD'r;XRE COXTROLLED WDE 
The OBC i s  zc?ntrslPed by S e r i a l  Mapit.* ,*:e commands t h a t  a r e  i d e n t i f i e d  as 
"Computer k'ord" cornmnds. The OB; comm.d CLEAR NSSC h a l t s  t h e  execut ion  of t h e  
F l * c h t  Software and a r z i v s t e s  t h e  harduer?  Cont ro l led  Mode. The OBC 6 tops  
sending t h e  C O W U T E R  1 SECOND TEST commnd and, u n l e s s  d i s a b l e d ,  t h e  CFD cduses 
t h e  s p a c e c r a f t  t o  t r a n s f e r  to  Safehold Mode. 
The Hardusre Mode a c t s  as Q " loader"  program. I n  t h i s  mode, t h e  conunands can: 
(1) Se lec t  a (&I;) f i r e d  memory bank, ( 2 )  ioad f i x e d  bink o r  ( 3 )  dump B fir 
m e m r y  bank. An2 process  t h e  lXITlATE KSSC conmnd tha t  s t a r t s  t h e  execu t ion  in 
t h c  Sof mare Con t ro l l ed  Mode. 
6 . 3 . 3  S0FTMF.E CCNTROLLED NODE 
The Software Cont r3 l led  Node is t h e  =de used when t h e  s p a c e c r a f t  is on o r b i t .  
The ope re t ion  of t h e  3EC is contro1;f.d by t h e  F l i g h t  E x e m t i v ?  Software. b?ti le 
i n  tlie S o f r v a r e  Mode, commands to t h e  08C are i n  t h e  form of Execuifvc Requests. 
They are a r i o a d e d  a s  "Computer Uords;". Ar. Executive Kecjzest c m n r e s  8 software 
i n t e r r u p t  and the r eques t  is pr'o..PssPd upan r ece ip t .  The F l i g h t  Executive 1s rs 
multi-task o w r a t i n g  s y s t e m  and t h e  execu t ive  r eques r  is processed as a tPek 
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6.6.1 OBC STINT cOMp&TS 
The OBC 
by t h e  C&DH P l s c r e t e  Commands addressed to  R I U  i. 
The commands are desc r ibed  i n  d e t a i l  Pr: t h e  Rata Forrnat Control  Book, Volume 
111, SVS-10124. 
STINT power s u p p l i e s  d t h e  OBC hardware c o n f i g u r a t i o n  are c o n t r o l l e d  
Comrnands f o r  t h e  OBC a r e  uploaded bn t h e  S e r i a l  nagnitrrde Cmmand format w i t h  
f u n c t i o n  code Chat i d e n t i f i e e  t h e  command a s  a “ c m p u t e r  vord” command. A 
“computer word“ command can be e i t h e r  a hard-dare cotman8 o r  a software command. 
The CLEAR NSSC camrand h a l t s  t h e  o p e r a t i o n  of t h e  f l i g h t  execu t ive  and starts 
t h e  OBC o p e r a t i n g  i n  t h e  Hardware Corrtrolled Mode. 0a.e.e the CLEAR KSSC command 
has  been processed,  t h e  OBC can now accept t h e  hardware comands. 
Cornmands €or  t h e  OBC so f tware  a r e  c a l l e d  Executtve Requests and a r e  processed 
when t h e  OBC i s  i n  t h e  Software Con t ro l l ed  Mode; Le., t h e  OBC F l i g h t  Executive.  
6 - 6.1.1 Memory ConfiguratLar? COWnd6 
The f u l l  cowplement of eight mmories can he configured by enablc/dlsable 
commands by which t h e  seaor3 .e~  a r e  enabled i n  p a i r s  a d  d i sab led  i n  g r a r p n  of 
four .  As bndicated Sn t h e  table shown in Figure  6.1-2, the prereg~ft i t te  f o r  any 
memory e n a b l e / d i s a h l e  conmand is t h a t  bo th  OBC/STI€iT power s u p p l i e s  must be o f f  
t o  prevent damage t o  t h e  semories  o r  r e l ays .  The memory ~ o ~ r f i g u r e t i o ~  c mmands 
are l i s t e d  below and dep ic t ed  i n  Figure 6.1-2. 
- - 
The memory c o n f i g u r a t i o n  commands and t h e  t e l eme t ry  v e r i f i c a t i o n s  a r e  a s  




DISABLE W34OF.Y 0 and 
d i s a b l e s  memories 0. 2,  4 and 6 
DISABLE MEHORr 1 and 3 
disables memories 1, 3 ,  5 and 7 
EiA BLE HE3lORY 1 
enables memories 1 and 5 
ERABLE MEHORY 3 
enab le s  memories 3 and 7 
Telerne t r y  
V e r i f i c a t i o n  
CMEPI0FDI.O 
--\. 
* . -, , . .  
6-12 
. -1 . 
MEMOEN ENABLE HEMORY 0 
enables m m o r i e s  0 sad  4 
ltW2EM EWBLE HEHURY 2 
e n a b l e s  wmories 2 a d  6 
SVS-10246 
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CMEF%OED=l 
CMLM2 FD-1 
6.6.1.2 Computer F a i l u r e  Detec t ion  Commands 
Each STINT CPM p a r r  has  i ts own f a i l u r e  d e t e c t i o n  circuit which is powered by 
t h e  dedica ted  power supply. The circuit checks t h a t  a computer 1 second command 
h a s  bee3 received f r m  t h e  OBC v i a  t h i s  RIU A or B w l t h i n  t h e  l a s t  t h r e e  
seconds. If e i t h e r  c o n d i t i o n  i s  not s a t i s f i e d ,  t h e  f a i l u r e  d e t e c t i o n  c i r c u i t  
sends a s i g n a l  to  t h e  Power clear c i r c u i t  and t h e  Power clear sends a s i g n a l  t o  
t h e  STIhT which h a l t s  t h e  computer. The c i r c u i t r y  can be enabledldfsabled  by 
command. It n u s t  be d i s a b l e d  i n  o r d e r  t o  start  t h e  computer because a h a l t e d  
computer n o t  genera te  t h e  1 second commands used by t h e  f a i l u r e  detectFon 
c i r c u i t .  The commands a s s o c i a t e d  wi th  t h e  f a i l u r e  d e t e c t i o n  c i r c u i t s  are l i s t e d  
below. Telemetry v e r i f i c a t i o n s  f o r  t h e  e n a b l e / d i s a b l e  f u n c t i o n s  are obta ined  
from t h e  monitors CCFQAED and CCFDBED. The only  v e r i f i c a t i o n  of t h e  1 second 
commands Pq t h a t  t h e  QBC has not ha l ted .  
does 
Te 1 c m c  c TY Ve f 5 f t ca t. loa 
CPFDDA CPFDDB Disable  CCrnDAG7nt3 CCFDEED=U 
CPFDEX CPFDEB Enable CCFDAFLl=1 CCFDEED-1 
CAlSEC SBlSEC (From o p e r a t i n g  OBC) None . None 
-.--____- OEC B F a i l u r e  D e t e c r i o n  -- OBC A - _  
6.6.2 CObiPUTER WOW C O W D S  
C&DB SerLal Magnitude Commands for t he  OBC have a "Conputer Word" f u n c t i o n  code. 
These c m ~ n d s  a r e  decoded by t h e  STACC Cent ra l  Unit and s e n t  d i r e c t l y  t o  t h e  
OBC via t h e  STLNT. 
6.6.2.1 OBC lkrdware Commands -
A "Computer Word" comnaand can be e i t h e r  an  OBC hardwere command or an  execut ive  
r e q u e s t  comsxand. The hardwaie commands &re processed when t h e  OBC is i n  t h e  
I-lardware Cont ro l led  Mode. The Hardware Cont ro l led  Hode i e  used t o  load or dump 
t h e  OBC m e m o r y  concents.  
Table 6.6-1 contains a list of the OBC hardware comtwnds and a description of 
each c0n;r;sad. 
LSD-KPC-2 6 3 
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OUC Software Commands -
Comnands for t h e  OBC so f tware  are Computer Word commands i n  t h e  form of 
Executive Requests. Executive Request commands are processed when t h e  OBC is i n  
t h e  Software Control led Mode which is t h e  normal mode for on-orbit  operatior?. 
An Executive Request gene ra t e s  a so f tware  i n t e r r u p t  and i s  processed when 
received by t h e  OBC. Executive r e q u e s t s  d i f f e r  from hardware command i n  t h a t  
execut ive r e q u e s t s  can be processed without  h a l t i n g  t h e  OBC. 
Table  
of each command. 
6.6-2 c o n t a i n s  a list of t h e  Executive Request commands and a d e s c r i p t i o n  
6.6.2.3 COIL Command Procedures 
The OBC hardware and so f tware  commands a r e  uploaded i n  t h e  CdDH S e r i a l  Magnitude 
Command format. These commands a r e  generated by t h e  COIL (Computer Operator  
I n t e r f a c e  Language) program. The Landsat-D Ground Segment Control. and 
Simulat ion COIL Users Guide d e s c r i b e s  t h e  COIL procedures needed t o  upload t h e  
OEC commands. The C O I L  command names a r e  not t h e  same as t h e  names used i n  t h e  
Data F o r a t  Control  Book and care must be exerciaed t o  avoid confusion. 
The :'/OBC" C O I L  d i r e c t i v e  i s  used t o  send commands t h a t  c o n t r o l  the hardware end 
software opera t ion  of t h e  f l i g h t  computer (OBC). Mnemunic fonsata  descr ibed i n  
che following paragraphs may cause m r e  than one coamnd t o  be s e n t  depending 
upon the  ope ra t ion  t o  be performed. 
General Format:  ( D i f f e r e n t  formats  exist depending on t h e  func t ion  t o  be 
performed) 
i 
1. To i n i t i a t e  a hardware load of t h e  s e l e c t e d  f ixed  bank: 
/OBC LOAD, W W ,  source 
where: 
source 16 the  f i l e  con ta in ing  t h e  load d a t a  
*bank number was p rev ious ly  en te red  by t h e  
/ O K ,  FIXB, banknumber' d i r e c t i v e .  
LSD-WPC-263 
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2. To i n i t i a t e  a so f tware  memory load:  
/OBC LOAD, SFT, sou rce  
where: 
SVS-10266 
31 December 1981 
source  a f i l e  con ta in ing  load data 
3 .  To i n i t i a t e  a t a b l e  load of an  OBC f3.lght execu t ive  t a b l e .  
'/OBC, LOAD, TBL, Table number 
where: 
Table  number - t h e  number of OBC s y s t a  t a b l e  t o  load 
4 .  To i n i t i a t e  a hardware dump of the s e l e c t e d  Eixed bank: 
/OBC DUMP, HDkr, d e s t i n a t i o n  
where: 
Des t ina t ion  I s  t he  file t o  r ece ive  and s t o r e  the  raw dump. 
5. To i n i t i a t e  an OBC so f tware  dump: 
/OBC DUMP, SFT, START LOC (OCTAL), NUMBER WORDS (DEC) 
where: 
d e s t i n a t i o n  = f i l e  i n  which t o  s t o r e  dump. 
6. To i n i t i a t e  an OBC f l i g h t  execut ive  table dump: 
/OBC DUMP, TBL, ' t ab l e  number' 
where: 
' t ab le  number' is Ehe t a b l e  to bs dumped. 
7. To i n i t i a t e  an  OBC s t a t u s  b u f f e r  dump. 
/OBC DUMP, SBF, d e s t i n a t i o n  
w'nerz: 
d e s t i n a t i o n  i s  t h e  file t o  c o n t a i n  tile raw dump. 
LSD-IJPC-263 
6-20 
. ~. . 1. I . . . .  . .  
. .  
a. 





1 4 .  
SVS-10266 
31 December 1981 
To reset t h e  f l i g h t  computer hardware: 
/OBC, RESET 
To select t h e  OBC Fixed Bank f o r  a memory loadfdurnp andfor t h e  
so f tware  system execut ion:  
/OBC F I X B ,  bank number 
where : 
'bank number' i s  t h e  s e l e c t e d  f ixed  bank (0-15). 
t o  i n i t i a t e  and start t h e  OBC f l i g h t  sof tware:  
/OBC, S-ART 
T o  c l e a r  t h e  OBC s t a t u s  bu f fe r :  
/OCC, CLEAR 
To c o n t r o l  t h e  execut ion of an OBC a p p l i c a t i o n s  processor:  
/03C, PCNTL, processor  ID? f u n c t i o n  code 
where: 
processor  I D  = t h e  so f tware  processor  i d e n t i f i c a t i o n  number (0-63) 
f u n c t i o n  code = o c t a l  r e p r e s e n t a t i o n  of t h e  func t ion  ciesired 
(0 -777777)  
To patch OBC memory l oca t ions :  
/OBC, PATCEI, a b s o l u t e  addres s ,  d a t a  
where: 
a b s o h t e  address  = (0-65535) 
d a t a  = 18 b i t  value t o  load i n t o  address  ( o c t a l )  
To i n i t i a l i z e  of r e s t a r t  schedule table  processing:  
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‘INITIALIZE‘ t o  i n i t i a - i z e  scheduler  t a b l e  processing 
To I n h i b i t  O X  memory checking: 
/OBC, I E M M F M  
To change c o n t r o l  of t h e  te lemet ry  format:  
/OBC, TMCNTL, source  
where: 
Source - ‘ROM1’ Engineering Format 
‘ROM2’ Mission Format 
’OBC’ S p e c i a l  
To zero r e p o r t s  i n  OBC c o n t r i b u t i o n  t o  te lemetry:  
/ O X ,  MZERO, Report Number 
where: 
Report number = 0 - 256 decimal 
Note: 256 5 z e r o  a l l  repor28 
Change t h e  te lemet ry  bit rate: 
/OBC, MBITR, b i t  rate i n  Kbps 
where : 
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6.7 OBC STIKT TELENETRI! 
The OBC STINT telemetry g i v e s  t h e  s t a t u s  of t h e  hardware. Table 6.7-1 d e f i n e s  
t h e  telemetry p o i n t s  and t h e  acronyms used b> t h e  ground se:gment t o  i d e n t l f y  t l . 2  
s p e c i f i c  te lemetry p o t u t o .  
-- 
Telemetry i s  descr ibed i n  d e t a i l  i n  ttrp Data Format Con t ro l  Book, Volume 111, 
svs-10123. 
Once every second t h e  OBC sends an OBC Self  T e s t  command via  RIU-1 t o  i t s e l f .  
It a l s o  sends a Computer A/B 1-second T e s t  command t o  t h e  Computer F a i l u r e  
D e t e c t j r  A / B  l oca t ed  i n  t h e  C&DH Power Control  Unit. If  t h e  f a i l u r e  d e t e c t i o n s  
are ertsbled ani :he command is not received f o r  t h r e e  consecut ive ccmmnds, tt,e 
OBC w i l l  be h s l t  . The f a c t  t h a t  t h e  OBC has n c t  beer. h a l t e d  i n d i c a t e s  t h a t  t h e  






Table 6.7-1. OX-STINT Status Telemetry 
-- - 
U ~ e r  ID C/Did-i:6 Silevel word 160: 
STACC SlINT A, NSSC A 
CSTOBCA4 OB F 
-1 ON 
COMPUTER FAILURE DET A 
CCFDAED=O DISABLED 
==I ENABLED 
STACC STIhT 8, NSSC B 
CSTOB CB-0 OFF 
-1 ON 
COMPUTER FAILURE DET B 
C CFDEDPO DISABLED 
-1 ENABLED 
PI?R SUPPLY FOR m 1, 3 ,  5 and 7 
CP!EU513=0 PCkYR SUPPLY A 
-1 POIkER 3JPPLT R 
PLX SUPPLY FOR E M  02 ,  4 ,  and 6 
CP'n?A@2=0 POWEK SUPPLY A 
=1 POKER SUPPLY B 
User I D  C/DH-27 Bileve l  word 170: 
MEN 1 and 5 
CMEMlED=O DISABLED 
-1 ENABLED 
k1Erl 2 and 6 
cMEM7m=o D I  SA BLED 
El ENABLED 
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Table  6.7-1. OBC-STINT S t a t u s  Telemet ry  
-- -- 
User I D  C/DH-12 Serizl  d i g i t a l  
OBC DUMP W l O R Y  bAKK ID, STIKT A: 
C.4DXP I a 4  HEM BANK 15 
-1 ME.M BANX 14 
=2 MEN BANK 13 
-3 PIEM BANK 12 
-4 N E M  BANK 11 
-5 MEM BANK 10 
-6 M Y  BANK 9 
1 7  KENBANK 8 
-8 MEMBANfE 7 
-9 MEMBANK 6 
110 M E M B A N K  5 
=I 1 KEM BANK 4 
112 F E M  BAKi 3 
1.13 E M  B.WK 2 
114  FEH B A ? X  1 
=15 %EM Eh!X 0 
User ID C/DH-13 Serial  d i g i t a l  
-. # -  
LSD-UPC-2 6 3  
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Table  6.7-1. OBC-STLfaT Status Telcraetrg - 
TYPE DUMP, STfhT B 
CBDMPHS-0 SOFTWARE DUMP 
=l HARDWARE DUMP 
=2 Not Used 
53 NO DUMP 
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PROPULSION MODULE SUBSYSTEN’ 
O r b i t  a d j u s t  and a t t L t u d e  contrc-1 c a p a b i l i t y  f o r  t h e  Laidsat-D io provfded by 
t h e  PM-1A Propuls ion  Module Subsystzn o f  t h e  t h r e e  axis  s t a b i l i z e d  &fultiari.oaton 
Modular Spacec ra f t  (MMS). 
The PM-1A Propuls ion  Module Subsystem which consists of the PHI and AuxilPary 
Tank K i t  is used i n  con junc t ion  w i t h  a Modular Power Subsystem (MT-S) ,  a Modular 
A t t i t u d e  Cont ro l  System (?MCS) a Communication and Data Handling Module (CLDH) 
and 8 Signa l  Condi t ion ing  and Con t ro l  Uni t  (SCLCU) t o  fom t h e  M B .  The MMS f 6  
adaptable  t o  v a r i o u s  types  of missions ranging from a near-ear th ,  c i r c u l a r  o r b i t  
t o  geosynchronous o r b i t s .  For  t h e  Landsat-D a p F l i c a t i o n  a circular, sun 
synchronous o r b i t  w i l l  be employed. 
7.1 PPI-1A FUNCTIONAL DESCRIPTION 
The PM-1A c o n s i s t s  of a Propuls ion  Module (PM-lA), an  Aux i l i a ry  Tank K i t  (Am) 
and f u l l  l i n e s  t h a t  t oge the r  have a maximum hydraz ine  p r o p e l l a n t  capac i ty  of 
517.20 l b s .  and 3.2 l b s  of n i t r o g e n  preseurant .  510 l b s .  of t h e  p rope l l an t  are 
usable;  approximately 7.2 l b s .  are needed t o  f i l l  t h e  l i n e s  t o  t h e  t h r u s t e r s .  
The PM-1A Propuls ion  Module subsysteso provides  orbit ad j u s t  t h r u s t e r s  i n t e g r a t e d  
wt th  a t t i t u d e  c o n t r o l  t h r u s t e r s .  The a t t i t u d e  contrc.1 t h r u s t e r s  are a l so  used 
for i n i t i a l  and backup a t t i t u d e  a c q u i s i t i o n ,  and Ear react ior!  =heel mraea?cum 
unloading. The desfgn  is 5p mas6 expu l s ion  hydraz ine  suboy~fem uakng n i t r o g e n  
preasurant  i n  a blobidom mode as i l l u s t r a t e d  in F i g u r e  7.1-1. The p r o p e l l a n t  
and pressurant  f o r  bo th  t h e  a t t i t u d e  c o n t r o l  and t r a n s l a t i o n  t h r u c t e r s  are 
s t o r e d  i n  f o u r  s p h e r i c a l  t a n k s  each con ta in ing  a n  e l a s t o m e r i c  p o s i t i v e  expuls ion  
diaphragm which. s e p a r a t e s  t h e  p re s su ran t  from t h e  p r o p e l i s n t  and retains 
p rope l l an t  a t  t h e  o u t l e t  po r t e .  Component contaminate  damage is e l imina ted  by 
l o c a t i o n  of a h igh  c a p a c i t y  f i l t e r  in t h e  feed  line t o  t h e  t h r u s t e r  manlfolda. 
ATK con ta ins  approximately 345 l b s .  of prope l l an t  whereas t h e  t h r e e  PM-1 t anks  
c o n t a i n  167 Lbs. of p rope l l an t .  Blowdown r a t i o  o f  t he  ATK i a  6-to-1; t h e  t h r e e  
PM=-1 tank r a t d o  i s  3-to-1. 
The t h r u s t e r s  are d i v i d e d  i n t o  two component sets, each capable  of performing 
a l l  mission f u n c t i o n s ,  and are mounted in f o u r  Rocket Engine Modules (KEM’s). 
The gene ra l  l ayou t  of t h e  p r i m r y  and backup REM‘s and t h e  t h r u s t e r s  i n  each REM 
is i l l u s t r a t e d  i n  F igu re  7.1-2. 
Each groups t h r e e  0.2 l b f  a t t f t u d e  c o n t r o l  t h r u s t e r s  and one 5 l b f  
t r a n s l a t i o n  t h r u s t e r  i n t o  one basic u n i t .  The t r a n s l e t i o n  “riruGter8 are used f o r  
orbbt: adjusts. The ACS t h r u s t e r s  are f o r  a t t i t u d e  con t ro l  m l y .  The t h r u s t  
1es7els drop as propel lant :  is expended. Latch valve8 are !:ccd t o  provide 
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Figure 7-1-2. Pf.I-1A P r o p u l s i o n  Module - A f t  V i e w  
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The Propuls ion Module is  requ i r ed  t3  1) decode, r o u t e  and p rope r ly  t h e  
va r ious  commnds; 2 )  supply t h e  r equ i r ed  t h m a t  l e v e l s  dusutionrs i - r t  t h e  
proper  d i r e c t i o n s ;  3) collect ,  encode and r o u t e  the  r e q u i r e d  te lemetry back t o  
t h e  s p a c e c r a f t ;  4 )  provide mechanical support  du r ing  launch,  ope ra t ion  and 
r e t r i e v a l ;  and 5 )  main ta in  a t i g h t l y  c o n t r o l l e d  thermal  environment. These 
f u n c t i o n s  are accomplished by us ing  t h e  f o l l o w h g  hardware. 
execute  
1. Commands wi th  t h e  excep t ion  of t h e  ATK, are rou ted  from t h e  i a t e r f a c e  
connector  t o  one of two redundant remote i n t e r f a c e  u n i t o  (RTrJ) which 
decodes t h e  c o m n d s  and rou te s  them to  t h e  approprLaee i n p u t  of one 
of t h e  two redundant Propuls ion Module E l e c t r o n i c  (PEE) u n i t s .  A 
s i m p l i f i e d  block diagram of t h e  Remote I n t e r f a c e  Unit ( R I U )  i s  shown 
i n  F igu re  7.1-3. 
?. The PME t a k e s  t h e  commands, ope ra t e s  upon them and d r i v e s  t h e  r equ i r ed  
r e l a y s  and valves .  Operat ion of t h e  a p p r o p r i a t e  va lves  a l lows 
hydrazine t o  flow from t h e  t anks  t o  t h e  r equ i r ed  t h r u s t e r s  where i t  is  
c a t a l y t i c a l l y  decomposed t o  provide t h r u s t .  S ix t een  t h r u s t e r s  are 
provided with f o u r  i n  each of t h e  f o u r  Rocket Engine 
Two of t h e  R M ‘ s  a r e  redundant t o  t h e  o t h e r  two. 
Te lene t ry ,  w i th  t h e  exception af the. Xi%, s i g n a l s  arc rou ted  back from 
t h e  re lays  and va lves  throagh the PIE,  where they (?re conbined. From 
t h e  PHE t h e  t e l eme t ry  s i g n a l s  nre routed t o  the  r.IU where they a r e  
encoded a f t e r  which they are rou ted  through t h e  : .n terface c o m e c t o r  t o  
t h e  spacecrsf  t . 
Modules (REM). 
3 .  
I n  a d d i t i o n  t o  t h e  t e l eme t ry  s i g n a l s  above, subsystem p r e s s u r e  and 
v a r i o u s  module temperatures  a r e  also te lemetered.  The comuands and 
t a l eme t ry  necessary f o r  t he  ope ra t ion  of t h e  PM-1A Propuls ion Module 
a r e  l i s t e d  i n  Paragraphs 7.6 and 7.7, r e s p e c t i v e l y .  
4. Power, te lemetry and command, and e l e c t r i c a l  i n t e r f a c e  requirements 
f o r  t h e  Aux i l i a ry  Tank K i t  (Am) are handled by t h e  S igna l  
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Each PM-1A Propuls ioi i  Mcdule uses  two ?repulsion Module E l e c t r o n i c s  (Pm) u n i t s .  
Both P E ' A  are i d e n t i c a l ,  and can  r e a c t  t o  commands t h a t  are issued. from e i t h e r  
RIU . 
Each PME u n i t  con ta ins  command b u f f e r s  and power swi t ches  t o  d r i v e  t h r u s t e r  and 
l a t c h  va lves  f o r  a t t i t u d e  c o n t r o l  and t r a n s l a t i o n .  Relays f o r  h e a t e r  c o n t r o l  
are inc luded  i n  each PME. The primary h e a t e r  c o n t r o l 1  :is i n  PME-A, and t h e  
redundant h e a t e r  c o n t r o l  i s  i n  PHE-B. Each u n i t  a lso con ta ins  t e l eme t ry  
c i r c u i t s  t o  g ive  s t a t u s  i n d i c a t i o n s ,  and H small d c f d c  conve r t e r  to  provide 
i s o l a t e d  polwer f o r  s i g n a l  processing.  Every va lve  used i n  t h e  PM-1A module can 
be d r iven  from ei ther  PME, or  from both ,  s imul taneous ly .  To avoid  ASCS h a r d l i n e  
command problems i n  t h e  sa feho ld  mode, PME-A should be  u5ed wi th  ACE-h and PME-B 
v i t h  ACE-B. 
Each PME u n i t  f o r  t h e  PM-1A weighs l e s s  than  13.5 pounds, occupies  less than  80 
square  inches  of she l f  space ,  and has  e volume of approximately 480 c u b i c  
inches .  The average power d i s s i p a t i o n  of each u n i t  is  l e s a  t h a n  4 watts. 
One of t he  main func t ions  of t h e  P?E is t o  s t r e t c h  t h e  incoming 6 m s  d i s c r e t e  
COZEIEIR~S, f o r  t h e  a t t i t u d e  c o n t r o l  t h r u ~ t e r s ,  t n t o  k0 ULS p\slne ou tpu t s ,  100 :ns 
p u l s e  pulse o u t p u t s ,  o r  280 CIS p u l s e  cu tpu t s .  The 280 pulse d u r a t i o n  will 
p r i m a r i l y  be u t i l i z e d  on Landsat-D. During o r b i t  adjust and normal operatA.cn of 
t h e  s p a c e c r a f t ,  t he  OBC w i l l  "refresh" t h e  ACS commands every  2.56 ips and 512 ms, 
r e spec t ive ly .  A block diagran: of the  PPI-IA a t t i t u d e  c o n t r o l  e l e c t r o n f c s  i s  
shown in Figure 7.1-4. The 6 as d i s c r e t e  commands f o r  t h e  t r a n s l a t i o n s  t h r u s t e r  
f i r i n g s  are s t r e t c h e d  t o  L second. For Landsat-D, t h e  OBC w i l l  " re f resh"  t h e  
t h r u s t e r  commands every 256 m s  dur ing  o r b i t  a d j u s t .  The t r a n s l a t i o n  th rus t e l ' s  
are not  employed dur ing  normal opera t ion .  Both types  of d i s c r e t e  s t r e t c h e r s  
(ACS and t r a n s l a t i o n  t h r u s t e r s )  can  be extended b e f o r e  t h e  s t r e t c h  t i m e  i s  
completed i n  o r d e r  t o  o b t a i n  cont inuous f i r i n g  of t h e  t h r u s t e r s .  Refer  t o  
Paragraph 7 . 3  f o r  a d i s c u s s i o n  of  OBC t h r u s t e r  c o n t r o l  l o g i c .  
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I E M s  which are oppos i t e  each o t h e r  on  t h e  s h e l f  ere g e n e r e l l y  s c t t v a t e d  as a 
p a i r  t o  accomplish 2 r o l l ,  5 p i t c h ,  and 5 yaw c o r r e c t i o n s .  One o f  t he  REM p a i r s  
is c a l l e d  t h e  "Pr imar j  Set"'  f o r  Landsat-D (REMs B and D ) ,  and can  f o r  
a l l  a t t i t u d e  c o n t r o l  maneuvers. The A-C REM's comprise t h e  back-up set. Table  
7.1-1 i d e n t i f i e s  t k e  s p e c i f i c  t h r u s t e r s  which are a c t i v a t e d  t:, perform six 
a t t i t u d e  c o n t r o l  maneuvers. 
be used 
a l l  
t 
Primary B2, D2 B 3 ,  03 B2, D3 B3,  D2 B4 D4 
1 
Table 7.1-1. k t t i t t t d e  Cont ro l  Thrus t e r  Assignments f o r  Landsat-Q 
+ ROLL - ROLL 4- PITCH - PITCH 4- YAW - YAW I 
c -  
Back-up A2, C2 A3, C 3  C4 A4 A2, C 3  A 3 ,  C2 
For  t r a n s l a t i o n  t h r u s t  ope ra t ion ,  t h e  incoming 6 m s  command i s  s t r e t c h e d  t o  1 
second and (normal ly)  all f o u r  t h r u s t e r s  are f i r e d .  Unequal moment arms t o  t h e  
Spacecraf t  cg,  o r  unequal  t h r u s t e r  ou tpu t s  can  produce unwanted a t t i t u d e  c o n t r o l  
e r r o r s .  An OFF-pulsing to c o n t r o l  p i t c h  and yaw d i s tu rbances  dur ing  t r a n s l a t i o n  
maneuvers c a p a b i l i t y  is inc luded  in t h e  5 pound t h r u s t e r  d r i v e r  c i r c u i t r y .  Th i s  
OFF-pulsing f e a t u r e  w i l l  OFF-pulse ONE f i v e  pounder dur ing  n o r m 1  t r a n s l a t i o n  
maneuvers, and OFF pu l se  both  f i v e  pounders when a back-up mode is being used. 
The 0.2 lb. t h r u s t e r s  are normally d i sab led  du r ing  a t r a n s l a t i o n  maneuver. I f  
t h e  +P,  R o r  Y d i s tu rbances  exceed s p e c i f i e d  l i m i t s ,  t he  5 l b .  t h r u s t e r s  w i l l  be 
disa?;led and t h e  0.2 l b .  t h r u s t e r s  enabled u n t i l  t h e  d i s tu rbance  i s  e l imina ted .  
A t  t h a t  time t h e  t r a n s l a t i o n  maneuver can  be resumed. 
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Two d i f f e r e n t  d n t e r n a l  s u p p l i e s  are 
genera ted  from t h e  s p a c e c r a f t  for  
i n t e r n a l  PME use. 
One low vo l t age  supply which i s  
re ferenced  t o  s i g n s 1  ground i s  a 
n o d n a l  12.W supply ,  used f o r  
i n t e g r a t e d  c i r c u i t  power, t e l eme t ry  
vol tsgeJpower sou rce ,  ACS and 
hardwire  i n t e r f a c e  c i r c u i t r y  
and for i n p u t  command b u f f e r  
c i r c u i t r y .  
The o t h e r  low vo l t age  supply  i s  
Yefesenced to  t h e  s p a c e c r a f t  power 
i npu t  bus, providing a 1 2  v o l t  
supply below t h e  inccming power 
bus and i s  on ly  used by t h e  photo 
couplers .  
Heater  Cont ro ls  
S ix t een  commands are a l l o c a t e d  t o  
t h e  c o n t r o l  of 10 f l i g h t  hea t e r s .  
These commands are conf igured  f o r  
p r i m r y  and redundant h e a t e r  
c i r c u i t s  f o r  4 REMs and 2 s h e l f  
h e a t e r  t o  main ta in  temperature  
c o n t r o l  of t h e  PM-1A Propuls ion  
Module elements  
A f u n c t i o n a l  diagram (F igure  7.2-1) 
and a comaand a a t r i x  (Table 7.2-2) 
i l l u s t r a t e  t h i s  approach. 
C h a r a c t e r i s t i c s  
12.5V + lV, -0V 
5 watts (pe r  each REM) 
Heater r e s i s t a n c e  s i r e d  f o r  20% 
below normal a t  low l i n e  vo l t age ,  
making t h e  r e s i s t a n c e  equa l  t o :  
E /P ,  where E522V, and P-6 watts 2 
484 Rdn 6 = 680. ohms 
ax- 35v 
*max ndn = 4 3 3 . 9  E4 ( 3 7 4  ?&% at zev> 
Beater ~ O W C K  f o r  each REX w i l l  be 
c o n t r o l l e d  by one of two the rmos ta t s  
f o r  each h e a t e r  set. 
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Table  7-24. Propuls ion  Module SubsyEitm S u m ~ ~ r y  
Close  
A c r o s s  s e c t i o n  of t h e  5.0 l b f  I n t e r n a l  leakage  
t h r u s t e r  i a  shcwn i n  F igu re  7.2-2. Exte rna l  leakage  
Weight 
C o i l  r e s i s t a n c e  (each) 
3.2 l b f  -- Thrus t e r  Valve Parameters  . 
Jsed t o  overcome 
unwanted a t t i t u d e  c o n t r o l  e r r o r s  
The 0.2 lbf t h r u s t e r  va lve  is a 
sca l ed  down v e r s i o n  of t h e  5 l b f  
t h r u s t e r  va lve  p i c t u r e d  i n  F igu re  
7.2-3 w i t h  o m  d i f f e r e n c e ;  t h e  
i n l e t  f eed  tube  e n t e r s  t h e  f i l t e r  
housing o f  t h e  upstream va lve  
radially r a t h e r  t han  a x i a l l y .  
Latch Valve Per foraance  C h a r a c t e r i s t i c s  
The l a t c h  va lve  has  a s i n g l e  
poppet, s e a t ,  and a c t u a t o r  and i s  
magnet ical ly  l a t ched  in e i t h e r  t h e  
open o r  c losed  p o s i t i o n  fo l lowing  a 
s i g n a l  t o  e i t h e r  t h e  opening o r  
c loning  c o i l .  The valve w i l l  
remain l a t ched  wi thout  power. 
A microswitch loca ted  in t h e  
housing of the  valve i n d i c a t e s  i t s  
pos i t i on .  F igure  7 . 2 - 4  shows d 
C ~ O E S  section of  t h h s  valve and 
Figure  7.2-5 shows a b lock  
diagram of the  l a t c h  va lve  con t ro l s .  
Supply P res su re  
Proof P r e s s u r e  
Burs t  P r e s s u r e  
Flow rate 
Pres su re  Drop 
Power a t  28 VDC 
P u l l  i n  Voltage (nax) 
Drop out voltage 
I n t e r n a l  Lchkage 
Ext-eriial Leakage 
Weight 
C o i l  Res is tance  
(Each C o i l )  
supply 'cJOlCagE? 
Supply p res su re  
Proof p re s su re  
Burst  p re s su re  
Flow ra te  des ign  point  
P res su re  drop a t  
Power (minimum 20 ms) 
Supply vo l t age  
I n t e r n a l  leakage 
Ex te rna l  leakage  
Reverse r e l i e f  pres .  
Weight 
I n l e t  tube  
des ign  p o i n t  
Qu t l e  t tube  
0.015 sec 
3.5 s.c.c./hr GN2 
I x scc/sec H e  
0.60 l b  
78.4 ohms a t  70'F 
350 p s i g  (maximum) 
600 p s i g  
1600 p s i g  
0.0020 l b l s e c  
10 ps id  
low 
'18 t o  45 Vdc 
17 vac 
2 min, 10 nax Vds 
0.5 s c c / h r ,  GN2 
0.20 lb 
157 ohms a t  70°F 
I x 5ccIsec, At 
350 p s i g  
600 p s i g  
1600 ps ig  
0.025 l b / s e c  
3.5 ps id  
8W 
98-35 Vdc 
0.5 s c GN2/hr 
1x10- scc Gfle/sec 
100 p s i  max 
0.60 l b  
0.250 by 0.020 
i n  w a l l  
0.250 by 0.020 
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Table  7.2-1. Propuls ion  Nodule Szbsystem Sunmary 
Shelf Heater  
ATR Heaters  -- 
F l i g h t  Keaters  
A l l  ATK f l i g h t  h e a t e r s  and c o n t r o l  
c i r c u i t s  w i l l  be powered from t h e  
22-35 Vdc s p a c e c r a f t  bus. 
The SCdCU provides  bus  p r o t e c t i o n  
and power c o n t r o l  c i r c u i t r y  f o r  
fou r  A X  h e a t e r s ,  t w o  of 
which s h a l l  c o n t a i n  thermosta t  
bypass c a p a b i l i t y .  
S h u t t l e  Surv iva l /Serv ic ing  Heaters 
Separa te  h e a t e r s  w i l l  provide s a f e  
temperatures  i n  the  ATK dur ing  resupply 
ope ra t ions  when t h e  s p a c e c r a f t  power i s  
turned o f f .  These h e a t e r s  w i l l  be 
e l e c t r i c a l l y  i s o l a t e d  from t h e  
f l i g h t  h e a t e r  c i r c u i t s  and w f l l  
be t h e r m o s t a t i c a l l y  con t ro l l ed .  
5.0 lb f  Thrus t e r  Valve Parameters  
The 5 pound t h r u s t e r  d r i v e r  
c i r c u i t r y  inco rpora t e s  an 
OFF-pulsing c a p a b i l i t y .  
--
This  OFF-pulsirtg f e a t u r e  xi11 
OFF-pulse one f i v e  pounder 
dur ing  norraal t r a n s l a t i o n  
maneuvers, and both  f i v e  
peunders when a back-up 
mode i s  being used. 
20 w a t t s  
X736 mA - Haximum Value 
28V + 4 Vol t s  - 
Supply pressu  350 p s i g  (maximum 
Proof pres  s u r e  8m p s i g  
Burs t  p re s su re  160D p s i g  
Flow rete 0.025 Lblsec 
Pressure drop 28 ?Sili  
Power at: 28 Vdc 2 OR 
Supply voi toge  
P u l l  i n  vo l t age  (max) 1-7.B Vdc 
Dropout vo l t age  2.0 Vdc min 
18 z o  45 Vdc: 
10*0 Vdc max 
Response '70°F a t  28 Vdc 
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Table 7.2-2. PM-LA Heater Control Operation %trLx 
r- 1 









Figure  7.2-2. i Ibf Thruster 
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Figure 7.2-4. Latch Valve Cross Section 
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The fo l lowing  d e s c r i b e s  t h e  bu.’lt-in o r b i  - ad j u s t  t h r u s t e r  s e l e c t i o n  l o g i c .  The 
OBC sof tware  f o r  t h e  A t t i t u d e  i’ontrol System provides  to rque  axis i npu t  s i g n a l s  
t o  t h e  PM-lA l o g i c  eve ry  756 miAiseconds ,  integrates t h e  t o t a l  t r a n s l a t i o n  
thruster f i r i n g  t i m e  commanded f o r  a l l  t r a n s l a t i o n  t h r u s t e r s ,  and d i s a b l e s  
f i r i n g  of a l l  t r a n s l a t i o n  t h r u s t e r s  on t h e  7 5 6 ~  c y c l e  when t h e  i n t e g r a t e d  
f i r i n g  t h e  equa l s  o r  exceeds the commanded va lue .  
F igu re  7.3-1 is a s i m p l i f i e d  diagram of t h e  p o r t i o n  of  t h e  P N - l A  e l e c t r o n i c s  
t h a t  c o n t r o l s  t h e  t r a n s l a t i o o  t h r u s t e r s  and shows t h e  d r i v e r s  f o r  t h e  f o u r  
t r a n s l a t i o n  thmusters  des igna t@d as A l ,  B l ,  C l ,  and D 1 .  When enabled by 
appropr i a t e  comnrands, t h e  t h r u s t e r  va lves  are opened when l i g h t  From l i g h t  
e m i t t i n g  d iodes  (LD) s t r i k e s  t h e  photo d iodes  i n  t h e  o p t i c a l  couplers  
des igna ted  f o r  each t h r u s t e r .  Tf t h e  a p p r o p r i a t e  p r o p e l l a n t  l a t c h  valves.  are 
open, t h e  engine f i r e s .  
F igure  7.3-2 shows t h a t  t h r u s t e r s  B l  and Dl or A 1  and C 1  are enabled f n  p a i r s  by 
connect ing e i t h e r  o r  both p a i r s  t o  e i t h e r  of two redundant Propuls ion  Module 
e l e c t r o n i c s  (PME) power supp l i e s .  For  o i m p l i c i t y  on ly  PIE-A is  shown. 
The p l u s  and nrtrius yaw and p i t c h  s i g n a l c  e c t e r l n g  a t  t h e  bottom of F igure  ?.3-2 
are genera ted  by t h e  OBC a t t i t ude :  c o n t r o l  ooftware which coritrola t h e  f i rLng of 
t h e  0.2 Ibf  a t t i t u d e  c o n t r o l s  t h r u s t e r s .  These lines are t i e d  t o  the c o n t r o l  of 
t h e  t r a n s l a t i o n  t h r u s t e r s  i n  the PM-1R e l e c t r o n i c s .  Each of these l i n c u  s h o r t  
c i r c u i t s  the l i g h t  e a i t t i n g  d iode  which a c t u a t e s  t h e  t h r u s t e r  producing t h e  
undesired torque.  S incr  on ly  one a x i s  is  commanded each ACS cyc le ,  only one 
t r a n s l a t i o n  t h r u s t e r  ( t h e  one wi th  the  l a r g e s t  e r r o r )  w i l l  be off-pulsed a t  a 
t i m e .  However, i f  e i t h e r  t h r u s t e r  p a i r  i s  no t  enabled ,  t h e  iwo d iodes  shown 
provide ground t o  a r e l a y  which t ies all. t h e  to rque  command l i n e s  toge the r  f o r  
t r a n s l a t i o n  t h r u s t e r  c o n t r o l  so t h a t  bo th  t r a n s l a t i o n  t h r u s t e r s ,  in a p a i r ,  w i l l  
be off-pulsed f o r  any torque  command i f  only one p a i r  is enabled. Thus, i f  
e i t h e r  pair  of t r a n s l a t i o n  t h r u s t e r s  i 0  enabled,  e i t h e r  ze ro  o r  two t h r u s t e r s  
w l l l  be f i r i n g  each 256 m s  coizmcind cyc le ;  i f  both p a i r s  are enabled,  e i t h e r  3 o r  
4 t h r u s t e r s  w i l l  be f i r i n g  each 256 ms command cyc le .  
The command i n t e r f a c e  f o r  t h e  o r b i t  ad j u s t  t h r u s t e r s  has  been es tab idshed  
through the  a t t i t u d e  c o n t r o l  sof tware  t o  s impl i fy  u t i l i z a t i o n  of t h e  propuls ion  
module b u i l t - i n  l o g i c .  I n  a d d i t i o n  t o  PN-1A c o n f i g u r a t i o n  commando which 
spec i fy  the  PME s i d e  t o  be u t i l i z e d ,  t h e  l a t c h  va lve  positTons, apd which 
t h r u s t e r  p a i r  t o  u se  ( e i t h e r  o r  bo th) ,  t h e  on ly  t h r u s t e r  maneuver magnitude 
comroznd r equ i r ed  i s  t o t a l  thruster-seconds f o r  t he  burn,  and 8 Rarletum e lapsed  . 
t i n e  a f t e r  which t o  d i s a b l e  a l l  t r a n s l a t i o n  t h r u s t e r s .  S t a r t  t i m e  ai ld  a t . t i tude  
d a t a  are of course  a l s o  requi red .  
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7.4 PROPULSION NODULE SUBSYSTEM CONSTRAINTS 
7 -4 .1 PH-lA INITIALIZATIGIf COHSTRPJNTS 
The sequence of commands r e q u i r e d  t o  enable a PHE f 
111___y-- 
1 .  PME A/B ENABLE 
2.  
3 .  ENABLE REM’S A , C / B , D  
4 .  
5. OPEN APPROPRIATE LATCH VALVES 
SELECT PULSE WIDTH 40/100/280 ms 
ENABLE LATCH VALVE DRIVERS A/B 
7.4.2 PWlA TELEMETRY CONSTRAINTS 
WS-10266 
31 December 1981 
r a t t i t u d e  c o n t r o l  is: 
A l l  
are unpred iceab le .  
t e l e m e t r y  i n d i c a t i o n s  of any  off PME should be t o t a l l y  ignosed becalrse t h e y  
7.4 a 3  PM-EA C O K W i D  CONSTk44XNTS 
1 
1. Xf a SAFE HOLD e n f i y  occurs w i t h  ACS rates >.25 d e g r e e s  per second and 
the  ACS REMs are not  enab led ,  enablirig clust be ground comanded. 
Following Coarse Sun A c q u i s i t i o n ,  t h e  commands below shou ld  be sent t o  










PRIMARY HTRS ON, AUTO MODE, MANUAL MODE OFF 
CLOSE LATCH VALVES 2 C 4 
CLOSE LATCH VALVES 3 & 5 
DISABLE PME-A ATTITUDE CONTROLS 
DISABLE PME-B ATTITUDE CONTROLS 
DISABLE REMs A/C FOR TRANSLATION CONTROL 
DISABLE REMs B/D FOR TRANSLATION CONTROL 
CLOSE LATCH VALVE5 1 & 6 
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1. There is no s p e c i f i e d  l i m i t  f o r  t h e  c a t a l y s t  bed which t y p i c a l l y  
between 1%00-1500°F' dur ing  f i r i n g .  
The PM non-f i r ing temperature  limits are: 
m n s  
2. 
Component Temperature Lid@) 
0.2 Pound Thruster:( ') 
Valve Catalw Bed 
Valve C tal@f Bed 
5.0 Pound Thruster:( ') 
All o t h e r  PM Components: 
(Tanks, L ines ,  Latch Valves) 
E l e c t  r o n i c s  
PME'S 
RTU's 
80 tQ 185 
80 t o  185 
20 eo as5 
50 t o  185 
50 t o  140 
32 to 1.03 
32 to 104 
Maximum Tank-Tank D i f f e r e n t i a l  10 
(1)  Excludes f i r i n g  temperature .  Heaters are themosta t :Lca l ly  c o n t r o l l e d  
and l e f t  on throughout t h e  mission. 
250°F limit dur ing  f i r i n g  and soakback. (2) 
7.4 S PM-1A PRESSURE CONSTRAINTS 
Thrus te r  va lves  must n o t . b e  opened below c losed  l a t c h  v a l v e s  such as t o  d r a i n  
t h e  hydrazine front t h e  l i n e ( s )  between t h e  l a t c h  v a l v e ( 5 )  and t h e  t h r u s t e r s  
bemuse  of p o t e n t i a l  problems when t h e  l i n e s  are r e f i l l e d .  ( i . e . ,  p o t e n t i a l  
damage t o  t h e  l a t c h  vaives and t h r u s t e r s )  
LSD-WPC-263 
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7 -4.6 PH-lA VIEWING CONSTRAINTS 
TBD 
7.4.7 PM-1A OPERATING PlODE CONSTRAINTS 
SVS-10266 
31 December 1951 
1. The 280 mi l l i s econd  t h r u s t e r  p u l s e  tiroe must be s e l e c t e d  for o r b i t  
a d j u s t s .  
2. A t t i t u d e  Cont ro l  REMs A/C or  B/D must be  enabled dur ing  i n i t i a l  
a t t i t u d e  a c q u i s i t i o n  o r  backup momentum dump. 
3 .  T r a n s l a t i o n  c o n t r o l  REMs A/C and B/D must be enabled du r ing  o r b i t  
ad j u s t .  
4. A l l  A t t i t u d e  Cont ro l  and t r a n s l a t i o n a l  REMs must be  d i sab led  du r ing  
nosinal ope ra t ion .  
5 .  M C S  snfchold enable  s i g n a l s  a r e  n o t  c ross -s t rapped;  I..e.$ t h e  
safehold  enab le  fiignal from ACT-A goes t o  P92-h and t h e  sa fehold  
enable  s i g n a l  from ACE-B goes t o  i’M2-B. Therefore ,  PIG-A should be 
used with ACE-A, FtE-B w i t h  ACE-E* 
7.4 .a PM SAFE HOLD c o w r w I t x s  
All 
are ope ra t iona l .  
t h r u s t e r s  should br? d i sab led  dur ing  Sa fe  Kold Mode i f  a l l  magnetic t o rque r s  
Thrus t e r s  should  on ly  be enabled by ground command. 
7.5 PM-LA SUBSYSTEM REDUNDANCY 
The PM-1A provides  a high  degree  of redundancy f o r  prope l l an t  leakage above t h e  
l a t c h  valves .  The t r a n s l a t i o n  t h r u s t e r s  u t i l i z e d  f o r  a l l  o r b i t  a d j u s t s  are 
configured i n  two independent systems o f  2 t h r u s t e r s  each,  and e i t h e r  p a i r  may 
be u t i l i z e d .  E i t h e r  p a i r  may be opera ted  from e i t h e r  of two sets of Propuls ion  
Module e l e c t r o n i c s  (WE)  . 
7 -5.1 PME RELIABILITY 
The PNE design i s  based p r i m a r i l y  upon a u n i t  redundancy approach, wi th  c r o s s  
s t r a p p i n g  on i npu t  and output .  F igu re  7.5-1 i l l u s t x e t e s  this approach. 
LSD- WPC-26 3 
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CMD INPUTS 
T 
Figure 7.5-1 a PM R e l i a b i l i t y  
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K3-gher l e v e l s  of redundancy e x i s t  w i t h i n  each P E ,  which a l low p o r t i o n s  of a Pm 
t o  be d isab led  witi tout impeding t h e  opera t ion  of t h e  remainder of that P i a .  
To preclude probiems, Ef t h e  S/C goes i n t o  safehold mode, o p e r a t e  BiUA w i t h  PMEA 
and RIUB w i t h  PME-R, 
7 "5 -2 CROSS STRhPPING/KEDUt?DMCY 
Cross s t r a p p i n g  o r  redundant i n p u t s  have been provided f o r  all electrical. 
func t ions  whose loss could r e s u l t  I n  a mission f a i l u r e  o r  out-of-tolerance 
performance. F igures  7.5-2, 7.5-3 and 7.5-4 show t h e  techniques  used. Note t h a t  
TLM channels 16-31 are not  cross-strapped. 
7 - 2  5 




RZU-B X - B  
Figure 7.5-2. Telzmet ry  and Conunand X-Strap 
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Figura 7.5-1 shows u redundancy for  PMEs t h a t  i coneis tent  wi th  t h e  plan f o r  
R I U  f t i i l u re .  This  plan sugges t s  that  B f a i l u r e  of RSUA rerwlcs i n  d t e a b l i n g  t h a t  
R I U  and PME-A txtabllng RlUB and PNE-8. 
For each PFE func t ion  ahown i n  F i g u r e  7.5-2, a failure of one PF% w i l l .  r e q u i r e  
thu t  funcc ton  t o  he d i sab led  i n  t h s t  PME, and t h o  f u n c t i o n  enabled  i n  t h e  
o t h e r  Pa. 
On0 further l e v e l  of redundancy a x i s t e  fn t h e  P%E”lt for t h e  a t t i t u d e  control 
sec r ion ,  which raf lacte  tho  redundancy that- exists Per REM operatton. Tabla: 
3.1-1 srhawod n p h i  ry nnd back-up see of e h r u s t a r s  for each a t t i t u d e  control  
maneuver. The em a t t i t u d e  control d r i v e r  o u t p u t s  can ha g u i d e d  t o  e i t h e r  the 
primary set  of Ghrua ters  (REMs B E P) o r  t o  tho  back-up s e t  of t h r u e t e r e  (REMs A 
5 C), f o r  each of tho  a t t l e t tda  c o n t r o l  ope re t ione ,  Each I’HE G e t  of a t t i t u d e  
c o n t r o l  e l e c t r o n i c s  can t h e r e f o r e  be used t o  o p e r a t a  vcalvee i n  an o p e r a t i o n a l  
R D I  i n  case of e valve  or t h r u s t e r  f a i l u r e  i n  f e e  coun te rpa r t  REM. 
With REM’s R and D primary and REM’@ A and C back-up, t o t a l  redundancy i t3  
provided f o r  performing s t a t i o n  ~ c q u l i t i t P o n  and o r b i t  a d j u s t  m6Lmuverfs and 
ccmcurrmt t r a n s v e r s e  a x i s  pitch/yaw a t t i t u d e  c o n t r o l  u s ing  the 5 l h f  t h r u s t e r s .  
T!IQ 0 .2  l b f  t h r u s e e r s  provide  t )  redundrne c a p a b i l i t y  t o  exocute  r o l l  and 
pPtch/yaw torque  commnda f o r  & l a  a t t i t u d e  c o n t r o l  f r inct ions RB required. 
R@dunda;ncy wlao exists f o r  ettituda COIIEPOI! e ~ t p t s  rand trnnn;gtio:*a ettttputs 
through U B O  o f  sariee rcciurtdrrnt drivers .  Ench L ~ I I I ! A S ~ T .  driver c o n t ~ i n ~  2 
transitor switcties fin series. E, sfwln fe i lure  can prevent m a  nittprst Pram that  
d r i w r ,  but no single failure can open ti thruster vs,lv@ rontiwaoualy. Since  each 
EKE con te ine  drivers f o r  each t h r u s t e r  valve,  t h e  o c r i e a  redundancy in each Pi% 
t h r u s t e r  d r i v e r  c i r c u i t  p rovides  ”quad” tcdundant c a p e h i l i t t e e  for t h e s e  
important lotlde. 
The Propuls ion  Moattle (PN-1R) i nco rpora t e s  s f  f a c t  iw redund ncy i n  a l l  mission 
c r i t i c a l  areas. S i n g l e  pa in t  f a i l u r e  modes which might CAUBB rniseion f a i l ~ ~ e e ~  
&re s s s e n t l n l l y  nLiminntrPd except  f o r  some? low p rod ic t cd  frequency f a i l u r e  modas 
where redundancy is imppact i ca l .  
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7.6 PROPULSION NODULE COt4.MAHDS 
__I- 
Operation of t h e  p ropu l s ion  module Ls c o n t r o l l e d  u t i l i z i n g  & t o t a l  o f  58 
commands. commnd 
word. The serial  message cownand c o n t r o l s  12 func t ions .  
The commands are l i s t e d  i n  Tables 7.6-1 and 7.6-2 f o r  d i s c r e t e  and serial 
magnitude cornmarads r e s p e c t i v e l y ,  and are descr ibed i n  Paragraph 7.6.1. Command 
sequences and res t ra ints  are provided i n  Paragraph 7 -6 .2  and 7.6.3. Func t iona l  
schematics of command o p e r a t i o n  appear  i n  Paragraph 7.6 ,.4. 
Of t h e s e ,  57 are d i s c r e t e  commands and 1 i s  a serial message 
7 -6 -1 W W D  DESCRIPTIONS 
7.6.1.1 R I U  S e l e c t i o n  Commands -
R I U  5 SELF STANDBY 1 
R I U  5 SELF STANDBY 2 
The s e l e c t i o n  of R I U  5 8  or 5B is c o n t r o l l e d  by t h e s e  two d i s c r e t e  commands. The 
f u n c t i o n a l  schematic  f o r  t h e s e  commands is i l l u s t r a t e d  i n  F igu re  7.6-1. The 
o p e r a t i o n  of t h e s e  commands is i d e n t i c a l  for RIU A and B. 
RIU 5 SELF STANDBY l t o  RIU.Asnables  a pu lee  t o  G E ~  s i d e  of a l a t c h i n g  relay, 
c l o s i n g  lit, cunnecting RIU ikterratll sLgnal groun6s t o  e x t e r n a l  s i g n a l  
In this c o n f i g u r a t i o n  the  RIU 26 i n  STAEjDBP 1 mode as EvFdetncel by PM bilevel.  
t e l eme t ry ,  ZMATENF = 1. RIG 5 SELF STAHDBY 2 t o  R I D  A elevates R'IU A eo the 
S'ERNDEY 1 mode, embl iog  its wse f o r  coromaand and telemetry. In a d d i t t o n ,  zhds 
c ~ m i ~ ~ ~ s l  enab les  a p u l s e  eo R1U 19, t u rn ing  it off .  'El116 prevect5 hoeh W E U C ~  from 
being on 8imultPneously.  The telemetry v e r i f i c a t i o n  that RIU A is i n  t h e  
STANDBY 2 mode f s  i n d i c a t e d  by PM b i l e v e l  ZRIUSBA = 0. 
groundsr 
The complenent t o  t M s  series of cooamnds is t o  sen0 t h e  same commands t o  R I U  B, 
r e s u l t i n g  The t e l eme t ry  
v e r i f i c a t i o n  t h a t  R I U  B is i n  t h e  STANDBY 2 mode is i n d i c a t e d  by Pi$ bjlevef  
ZRIUSBA = 1. 
i n  RZU B being on i n  the  STANDBY 2 mode and RIU A OFF. 
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7.6.1.2 PME A/B Latch Valve Driver  S e l e c t i o n  -----
ENABLE PME-A LATCH VALVE DRIVERS 
DISABLE PME-A LATCH VALVE DRIVERS 
ENABLE PME-B LATCH VALVE DRIVERS 
DISABLE P a - B  LATCH VALVE DRIVERS 
The func t ion  of t hese  f o u r  d i s c r e t e  commands is t o  c o n t r o l  t h e  +28 VDC 
unregulated power t o  PME-A and PME-B l a t c h  valve d r i v e r  c i r c u i t s .  The 
f u n c t i o n a l  s c h e m t i c  f o r  t h e s e  commands is i l l u s t r a t e d  i n  Figure 7.6-2. The 
ope ra t ion  of t h e s e  commands is i d e n t i c a l  f o r  bo th  PI%-A arid D E - B  d r i v e r s .  
PME A/B LATCH VALVE DRIVER ENABLE command enab le s  e p u l s e  t o  one s i d e  of a 
l a t c h i n g  r e l a y ,  c fos tng  i t ,  enabl ing t h e  unregulated +28 VDC power t o  t h e  
a s s o c i a t e d  l a t c h  valve d r i v e r  c i r c u i t s .  Tine complement t o  the  l a t c h  valve 
d r i v e r  enable  command is t h e  PME A/B l a t c h  valve d r i v e r  d i s a b l e  command. The 
d i s a b l e  command enab le s  a p u l s e  t o  t h e  opposi te  c o i l  of t h e  l a t c h i n g  r e l a y ,  
causing t h e  r e l a y  t o  open, removing power from t h e  d r i v e r  c i r c u i t s .  
Telemetry v e r i f i c a t i o n  of l e t c h  valve d r i v e r  s t a t u s  is  i n d i c a t e d  by PM telemetry 
po in t  ZLVDVRS. ZLVDVRS i s  a mul t i - l eve l  analog s i g n a l  which d e f i n e s  d r i v e r  
s t a t u s  as  fol lows:  
Latch Valve Dr ive r  S t a t u s  
PME-A PIG-B 








7.6.1.3 Latch Valve Control  
GPEN LATCH VALVE 1 AND 6 
OPEN LATCH VALVE 2 
OPEN LATCH VALVE 3 
OPEN LATCH VALVE 4 
OPEN LATCH VALVE 5 
CLOSE LATCH VALVE 1 AND 6 
CLOSE LATCH VALVE 2 AND 4 
CLOSE LATCH VALVE 3 AND 5 
func t ion  of t hese  e i g h t  d i s c r e t e  commands Ls t o  c o n t r o l  t h e  o p e r a t i o n  of t h e  
l a t c h  valves.  The f u n c t i o n a l  schematic f o r  these c o m n d s  Is i l l t is t ra ted i n  
Figure 7.6-2 .  Operation o f  t h e s e  commands is i d e n t i c a l  f o r  each l a t c h  valve.  
I n  o rde r  f o r  t hese  conmends t o  f u n c t i o n  p rope r ly ,  t h e  l a k h  va lve  d r i v e r s  must 
f i r s t  b? enabled. 
The 
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An open l a t c h  valve command enab le s  a pu l se  t o  an o p t i c a l  coupled i s o l a t o r  
p h o t o t r a n s i s t o r  which in t u r n  d r i v e s  one of t h e  l a t c h  valve a c t u a t o r  c o i l s ,  
causing t h e  valve t o  l a t c h  open. The complement i s  t h e  l a t c h  va lve  c l o s e  
command which enab le s  a p u l s e  t o  t h e  oppos i t e  a c t u a t o r  c o i l ,  l a t c h i n g  t h e  valve 
in the c losed  p o s i t i o n .  
Telemetry v e r i f i c a t i o n  of l a t c h  valve open/closed s t a t u s  is i n d i c a t e d  by PN 
te lemetry p o i n t s  ZLVl23 and ZVJ456. These t e l eme t ry  p o i n t s  are mul t i - l eve l  
analog s i g n a l s  def ined a s  follows: 
Latch Valve S t a t u s  ZLV123 




C 10s ed 
Open 
Closed 



























Lstch Valve S t a t u s  ZLV456 

































7.6.1.4 PME A / B  S e l e c t i o n  for A t t i t u d e  Control  -- --_ 
ENABLE P a - A  ATTITtJDE CONTROL 
DISABLE PEE-A ATTITUDE CONTROL 
ENABLE Pm-B ATTITVDE COKPXOL 
DISABLE PME-B ATTITUDE CONTROL 
The f u n c t i o n  of t hese  f o u r  d i s c r e t e  commands is t o  c o n t r o l  t h e  unregulated 4-28 
VDC and regulated.  +l2.5 VDC power t o  PME-A and PME-B a t t i t u d e  c o n t r o l  c i r c u i t s .  
The f u n c t i o n a l  schematic f o r  t hese  commands is i l l u s t r a t e d  j n  Figure 7.6-3. The 
opera t ion  of t h e s e  comands  i s  i d e n t i c 8 1  f o r  both PME-P. and PEE-B. 
PPE h/B n t t i t c d e  c o n t r o l  enable conms?nd enables a p u k e  t o  one s i d e  of a 
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power t o  t h e  a s soc?a ted  e l e c t r o n i c s  used t o  c o n t r o l  t h e  ope ra t f eu  of the 
a t t i t u d e  c o n t r o l  t h r u s t e r s .  The complement t o  t h e  a t t i t u d e  c o n t r o l  enab le  
command i s  the PME A/B d i s a b l e  command. The d i s a b l e  command enab le s  a p u l s e  t o  
t h e  oppos i t e  c o i l  of t h e  l a t c h i q  r e l a y ,  caus ing  r e l a y  t o  open, remming 
both t h e  r egu la t ed  anci unregulated power f r o a  t h e  a t t i t u d e  cauerol thruster 
e l . e C t S O A i C 2  - 
The telemetry v e r i f i c a t i o n  of PME A/B a t t i t u d e  c o n t r o l  s t a t u s  is i n d i c a t e d  by FE? 
te lemetry .FafIi t  ZEABATC. ZEABATC is a mul t i - l eve l  aaalog s i g n a l  which dnfi&&s 
a t t i t u d e  c o n t r o l  t b r u s t e r  e l e c t r o n i c s  s e l e c t i o n  s t a t u s  as fol lows:  
A t t i t u d e  Control  T h r u s t e r  E l e c t r o n i c s  ZEA3ATC 
BME-A PME-B TI& Volt6 
Disabled Disabled 
Enabled Enabled 






7 -6 .I .5 Pulse Width S e l e c t i o n  --
SELECT 40 MSEC PULSE I?IDTY, 
SELECT 100 MSEC PULSE MDTN 
SELECT 280 MSEC PULSE WIDTH 
/ The f u n c t i o n  of t h e s e  t h r e e  d i s c r e t e  cvrrmzmdi; is to select thc; t h r u s t e r  pnlsse 
width f o r  a t t i t u d e  c o n t r o l .  The functional scnew.t€c for these comannds is 
f 1 1 2 ; ~ t r a t e d  i n  F igu re  7.6-3. For z g i v e r  p u l s e  wPtb s e l c c t h o a  m m n d  eo 
execute, a t  least. one PHE loust be +nabled f o r  a t t i t u C e  con t ro l .  
Pu l se  v i d t h  s e l e c t d o n  is achieved by commanding eL the r  9f t h e  t h r e e  d i s c r e t e 6  
wldch caafiguures 3 series of l r t c h i n g  relay6 in t h e  p u l s e  c o n t r o l  e l e c t r o n i c s .  
The complement t o  a given command is  t o  s d e c t  an a s t e r n a t e  p u l s e  width which 
rescats Ln a r e c o n f i g u r a t i o n  of t h e  p u l s e  c o n t r o l  e l e c t r o n i c s .  
Telenetry v e r i f i c a t i o n  of s e l e c t e d  pu l se  wid th  is i n d i c a t e d  by PPI t e l e m t r y  
poinzs ZFAPcIpu1.S end ZEbPLiTS f c t  PFE-A and PME-B attit-.de c o n t r o l  t h r u s t e r  
electi .nits respec t ive ly .  These points are mul t i - l eve l  analog s i g n a l s  def ined 
as f O l l O w B :  









LSD-WC-2 6 3 
7-39 
WL PAGE 
7.6.1.6 M t i t u l e  Cont ro l  Torque 
9BLlI.L TORQUE C O W  
-ROLL TORQ?JE CO 
-PITCtl TORQUF- COWAW 
+YAd TORQUE COPWJWD 
-YAW TCUQUE COKiWTD 
+PITCH TaRQUE c 
The f u n c t i m  of  t h e a e  s h  c Qds Is t o  c o n t r o l  the opera t ion  of t h e  a t t i t u d e  
c o n t r o l  t h r u a e e r s .  The f u n c t i o n a l  sckewitic for t h e s e  commands is i l l u s t r a t e d  
i n  F igu re  7 -6-3.  Gperatfon hese conman& 2s i d e n t i c a l  for each t h r u s t e r .  
Prlior t o  i m u b i g  a torque c nd, des i r ed  P E  a:tit:ude c o n t r o l  t hmsre t r  
e l e c t r o n i c s ,  pu l se  wid th  .snd 3% s e l e c t i o n  must be eamwmded. In a d d i t i o n ,  t h e  
latch valves m a t  be configured t o  acWeve t h e  d e s i r e d  propellant flow. 
A given t o rque  comaand enables  a pu l se  t o  an o p t i c a l  coupled i s o l a t o r  
p f io to t r ans i s to r  which i n  t u r n  d r i v e s  the  t h r u s t e r  so leuoid  opening it f o r  the 
s e l e c t e d  p u l s e  width d u r a t i o n -  I n  t h e  o r b i t  a d j u s t  m d e  w i t h  a l l  RES enabled 
f o r  t r a n s l a t i o n  control, t h e  torque e ad also r e s u l t s  in an oft-pulse of an 
a s s o c i a t e d  transsation c o n t r o l  t k r u s t e r .  
ZEAF'GE Ea/ ZEWSlh'CEM 
ZEBPGEN/ZFBRGEK 
A t t i t u d e  Cont ro l  Thrus;er P u l s e  Geterated TLH Volts 
No Pulses 
BO11 P d 6 e  
P i t c h  P - i e  
Yaw PIS',& 
R o l l ,  PJCf 'ulse 
Boll, Yrtbl P u l s e  
Bi tch ,  Yaw Pulse  
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The prev ious  t e l eme t ry  v e r i f i c a t i o n s  i n d i c a t e  that an a t t i t u d e  c o n t r o l  torque 
pu l se  
Thruster solenoid operation is v e r i f i e d  by PM CeBerYetx-y points  ZlRMPATC, 
ZlRHEitTC, ZlMCATC and ZlEWDATC, deffnea as: 
was genera ted  b u t  f a i l e d  t o  i n d f c s t e  a c t u a l  t h r u s t e r  so lenoid  ope ra t ion .  
ZlWAATC,ZlRMBATC 
ZIWCATC JLRPIDATC REM A/B/C/D A t t i t u d e  Con t ro l  Thrus t e r  Status 
THR 2 THR 3 THR 4 TL19 Vol t s  
Off 
F i r ed  
O f f  
O f f  
FP red 
Off 




F i  red 
Off 
F i r ed  
O f  E 
F i r e d  




Fi red  
Off 
F i r ed  
F i r ed  
F i r e d  
9.6.1.7 S e l e c t i o n  for A t t i t u d e  Control. 
ENABLE REI.fs A/C DISABLE REX5 B/D FOR +ROLL 
ENABLE R E S  A/C DISABLE RE!% B/D FOR -ROLL, 
ER'ABLE E H S  A/C DISABLE KHaS &'E? FCR +PITCH 
ENABLE REMS A/C DZSMLE E M S  !3/3 FOR -PITCH 
ENABLE EZtS A/C DISABLE KEF& B / D  FOR +YAW 
CXWELE REM A l C  D I S A i L E  KPE B/D FOR -YAW 









T l ~ e  f u n c t l o n  of t hese  seven  d i s c r e t e  commands is t o  contra1 t he  se.h?ction of 
XE! A/C or B / D  f o r  a t t i t u d e  c o n t r o l .  The f u n c t i o n a l  schematic  f o r  these 
cari?mands bs i l l u s t r a t e d  i n  F igure  7.6-3. P r i o r  t o  i s s u i n g  any CO?iE1tand5 in this 
series, an a s s o c i a t e d  PME must f i r s t  be enabled.  
An enable EEHS AfC corsamand enab le s  a pu l se  t o  one coil of a l a t c h i n g  r e l a y ,  
rou t ing  the switched 12.5 VDC pover and to rque  signals t o  RE% A and C. The 
complement t o  t h e  REF% A/C enable  c o m n d  bs t h e  REM B/D enable  f o r  a t t f t u d e  
control. The REM B/D enab le  command enables a p d s e  t o  the oppos i t e  coil of  t h e  
l a t c h i n g  relay, removing power and torque  s i g n a l s  fron R W S  A / C  and r o u t i n g  them 
t o  R F S  B/D. 
7-4 1 
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Telemetry v e r i f i c a t i o n  of s e l e c t e d  REHS enabled Par a t t i t u d e  control i s  
i n d i c a t e d  by PM t e lemet ry  p o i n t s  ZEAPATC, ZEANATC, ZEDPA'FC, ZEBNATC for posSt ive  
and n e g a t i v e ,  P a - A  and PME-E REFi s e l e c t i o n  r e s p e c t i v e l y .  These te lemet ry  
pOiRtZ are ui I l t f - l e v e l  ana log  rsfgnals def ined  mi follown: 
REM A I C  
A t t i t u d e  Control T h r u s t e r  S t a t u s  




Df. sab led  
Etzabled 
Enabled 
D i  sab led  
Enabled 
D i  s a b l e d  























7.6.1.8 PME A/B S e l e c t i o n  for T r a n s l a t i o n  Control  
ENABLE PHE-A FOR TRANSLATION CONTXDL DISABLE P S - B  
ENABLE P C - € 4  FOR TWSLATION CONTROL DISABLE P a - A  
The f u n c t i o n  of t h e s e  two d l r t c r e t e  comwmdn i s  to coctrol the r e g u l a t e d  4-12.5 
VW: p w e ~  to PHE-A o r  PKE-B trsnalation C O I I ~ ~ Q ~  e i rcaf ts .  The f tmct : fo~:~1 
s c h e a a t i c  f o r  t h e s e  commands is i % i u s t r n t c d  in Figure  7.6-1. The operation of 
these C O ~ U B ~ I Z I ~ S  9s i d e n t i c a l  for bo:h FhiE-.k a ~ d  PXE-8. 
-A enable  for t r a n s l a t i o n  c o n t r o l  command enables  a pulse  t o  one s i d e  of a 
l a t c h i n g  r e l a y  i n  both P E E - A  and PEE-B. I n  Pm-A, t h e  r e l a y  r o u t e s  t h e  
regula ted  +12.5 VDC power t o  PEE-A t r a n s l e t d o n  c o n t r o l  e l e c t r o n i c s .  I n  PPeE-B, 
t h e  r e l a y  swi tches  P E - E  t r a n s l a t i o n  c o n t r o l  e lectrornfc  t o  ground. The 
complewnt  t o  t h e  PbE-A enable  command i s  t h e  PW-B enable  c nd. The ?BE-$ 
enable  t r a n s l a t i o n  c o n t r o l  comaart~d enables  Q p u l s e  t o  the  oppos i te  s i d e  of 
the l a t c h i n g  relay i n  b o t h  P E - A  and PE-B, removing pocer from P E E - A ,  r o u t f n g  
power t~ P a - B  t t n n s l e t i o n  c o n t r o l  e l e c t r o n i c s .  
Telemetry v e r i f i c a t i o n  of PEE AfB t r a n s l a t i o n  c o n t r o l  s t a t u s  Le i n d i c a t e d  by PM 
telemetry p ~ P n t  ZEABTRS. ZEABTRS is a mult i - leve l  analog aPgna1 which definea 
P E  A/B E c k ? C C i O n  f o r  t r a n s l a t i o n  c o n t r o l  as f O l l O i q 6 :  
f o r  







D4 sa bled E nnble  d 
L SD - W C  -2 6 3 
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Telemetry v e r i f i c a t i o n  of  t r a m l a t i o n  t h r u s t  ccmmandep is i n d i c a t e d  by BPI 
telemetry p o i n t s  ZWCTC and Z TC f o r  REXS A/C and 
P@Spect&Vciy- These te lemet ry  p o i n t s  are' multi-level analog 
REM A/C zwmc 
Trarnsrztion C o n t r o l  T h u r s t e r  S t a t u s  TLf4 Volts  
A1 C l  
REMS B f D  f i r i n g s  
baignolka d e f i n e d  as : 
Off Off 0.40 
F i r e d  Off  2 -65 
Off F i r e d  3.78 
Pfred F i r e d  4.99 
REM B/D ZWBDTC 
T r a n s l a t i o n  Control T h r u s t e r  S t a t u s  RM V o l t s  
B1 D 1  
Off Off 
F i r e d  Off 
Off F i r e d  





7.6.1.11 W Keates Power Bus Co~:t-tol 
-_I_I_- 
ENABLE PRIHATIY HEATER BUS 
ENABLE REDUWMT HEATER BUS 
DISABLE REUUNDANT HEATER BUS 
DISARLE PRFWI mxrm BUS 
The f u n c t i o n  o f  t h e s e  f o u r  d i s c r e t e  commands is t o  eneble  spacecr tsf t  h e a t e r  bus 
power t o  primary and redundant PH h e a t e r s .  The f u n c t i o n a l  schematic  f o r  t h e s e  
commands is i l l u s t r a t e d  in Figure 7.6-4. The o p e r a t i o n  of thcse  coamrtende is 
i d e n t i c a l  f o r  primary and redundant h e a t e r  bus c o n t r o l .  
The enable  h e a t e r  bus command e n a b l e s  si p u l s e  to  one c o i l  of a l a t c h i n g  r e l a y ,  
c l o s i n g  i t ,  enabl ing  s p a c e c r a f t  h e a t e r  bus power t o  REM and s h e l f  h e a t e r  
c i r c u i t s .  The complement to  the enable  corn nd l e  the d i s a b l e  h e a t e r  bus 
commnd. The d i s a b l e  comaand e n a b l e s  8 p u l s e  t o  tlre oppos i te  c o i l  of t h e  
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Telemetry v e r i f i c a t i o n  of heater bun s t a t u s  is ind2cetsd by PM telcabetry 
ZHTRBUS. 
point 
ZHTRBUS f a  a mult i - leve l  analog s i g n a l  def ined as: 
Disabled Disabled 
Enabled Iriscabled 
D i sa b l e d  Enabled 
Enabled Enabled 
7.6.1.12 H e a t e r  Themastat  Se lec t ion  
PRIMARY H U T E R S  ON AUTO EODE MANUAX. MODE OFF 
K E M  A PRLMaL’Y HEATERS ON NANUAL MODE 
REM B PRIMARY HEATERS ON W U A L  HODE 
REtJl C FRLPlARY HEATERS ON MANUAL R I D E  
REM D PRXPARY HEATERS ON W U A L  PIODE 
S H E L F  PRIMARY HEATERS ON MANUAL m D E  
REDLJMD..\NT HEATERS ON AUTO MODE MANUAL MODE OFF 
REEl A REDUNDANT HEATERS OM MANUAL HODE 
REM B REDUNDANT HEATERS ON kLWUAL I a D E  
REH C REDUWDMT tiEWTERS iiQJ PWJUAL H3UE 
R M  D REDUh’DhWT HEATEPS ON t.thN\ik, E W I X  
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Tho func t ion  of t hese  12  d i s c r e t e  cam ndk, is for  t ho  Etalaceion of h e a t e r  
c o n t r o l  i n  tho  au tomat ic  OF manual mode. I n  t h e  a u t o  t i c  mda a p r f w  
t t i e m a t n t  is i r ~ i p t  f o r  ?.rear0,r c ~ n t I o l .  I n  ttia nmuiueal mdo e n  wl t e rnn te  
thermostat  w i t h  a h ighor  a e t  point  is switched i n t o  the hcaeor con t ro l  c i r c u i t .  
The operat ion of t h e m  comwnds is i d e n t i c a l  fo r  bosh primry aad redui.dsnt 
h e a t e r s  I 
A mni1p.l mode command enables B p u l s e  t o  one coil of A l a t c h i n g  re lay,  c l o s i n g  
i t ,  swi tch ing  the  n l t e r n a t e  h e a t e r  t h e r m s t n t  i n t o  t h e  h e a t e r  c o n t r o l  c i r c u i t .  
Tho complement t o  the mnual  made command is t h e  au to  mode co 
mode command enab les  n piilea t o  t h e  oppos i t e  c o i l  of the l a t c h i n g  r e l a y ,  
removing t h e  a l t e r n a t e  thermostat  Prom the c o n t r o l  loop. 
Teleareery v e r i f  i c n t i o n  of auto/manrml mode h e a t e r  ope ra t ion  is i n d i c a t e d  i n  PN 
b f l e v a l  words 1 and 2 f o r  pr imary  and redundainc hee ta ro  r e spec t ive ly .  Acronym 
f o r  tlieso te lemet ry  p o i n t s  are as def inad  i n  Table 7.6-1. A bileveil 0 i n d i c a t e s  
ope ra t ion  i n  t h e  automatic  mode. A b i l c v e l  1 i n d i c a t e s  ope ra t ion  in t h e  taaitual 
mode. 







A n  






AT\; Heatcr Control  - -.I-..- ____-_ 
rRIFtARY TANK NEATER ENABLE 
1’ R I MARY TAW I t  EATER D ‘IS h H L  F. 
i;EDUNDAIJT TANK I?LiT!% ENABLE 
FiEDUNUAtGT TANK HEATER DISABLE 
TANK ;{EATER THERHOSTAT BYPASS 
TANK HEATEK THERMOSTAT ENAELE 
PRIEtBRY L I N E  IIEATEK ENABLE 
REDUNDANT L I N E  HEATER ENABLE 
LIRE HKATER THERFIOSTAT BYPASS 
LINE HEATER THERHOSTAT ENABLE 
PRIMARY LINE HEATI.:K n I s m L E  
REIWNDANT L I N E  HEATER n m m E  
These commands enable  t h e  haster c o n t r o l  func t ions  assoc i t r t sd  wi th  t h e  oprsrtrtion 
of the hK and a re  c o n t r o l l e d  by i s i n g l e  s e r i a l  mcssngo command. Tnblo 7.6-1 
s p e c i f i e s  t h e  a t r .gcture  o f  t h e  command requi red  t o  achieve a g iven  funceion.  
The o p e r a t i o n  of t h e  commnds i s  s i m i l a r  for tank and l ine h e a t e r  c o n t r o l  
f U R C t  ions * 
Prime and redundsnt  h a t e r  enats!c cc~mnandt? otwhle Q p u l s e  t o  one soil of it 
l a t c h i n g  r e l a y ,  enabl ing  epqcecx-aft twater bus p o s ~ s .  to t h e  n s s o c i R t o 4  heliter 
c i r c a i t .  The complement is tho d i s a b l e  command which antablee c1 p u l s e  t o  the 
oppos i t e  c o i l  of the  l a t c h i n g  r e l a y ,  removing power from the  heu t s r  c i r c u i t .  
SVS- 102 66 
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Tank and l i n e  thermos t a t  bypass commnds artable t h e  uae of a l t e r n a t e  the rmos ta t s  
in the h e a t e r  c o n t r o l  cf rcoi t a .  Pr imary  t h @ r m s t a t  c o n t r o l  can be r e i n s t a t e d  
through t ha  LIS@ of t h e  thermosta t  rimble tomnan.Is. 
Taleolecry v e r i f i c n t i o n  of ATK heater operat ion is i n d i c a t e d  by PM s e r i a l  d i g i t a l  
word ZlARTRS.  Telemetry ac ronym are s p e c i f i e d  i n  Table  7.6-1 f o r  t h e  v a r i o u s  
func t ions .  A b i l e v e l  0 i n d i c a t e s  h e a t e r s  d i sab led  or primary the rmos ta t s  
enabled. A b i l e v e l  1 i n d i c a t e s  h e a t e r s  enabled  o r  thermostiate bypassed. 
7.6 -2 COEILFLh'D SEQUENCES 
Th i s  s e c t i o n  l i s ts  the cowand sequences which relate t o  t h e  o p e r a t i o n  of t h e  
propuls ion  module. 
PM I n ? t i a l i e a t i o n  f o r  A t t i t u d e  Cont ro l  A - S i d e  - -
PM -
ENABLE P E E - A  FOR ATTITUDE CONTROL 
ENABLE REM A/C FOR +ROLL 
ENABLE REM A/C FOR -ROLL 
ENABLE REM A/C FOR +PITCki 
ENABLE REM A/C FOR -PITCH 
ENAELE REM A/C FOR +YAW 
ENABLE REM A / C  FOR -YAW 
SELECT i'tlLSE WIDTH ( 4 0 ,  100 O K  260 MS) 
ENAUL I PKE-A LATCH VALi'E UK'IVEW 
CONFI .XIRE LATCH VAL\'ES 
DISARLE PME-A LATCH VALUE DRIVERS 
I n i t i a l f r n t i o n  f o r  -A t t i t u d e  Cont ro l  8-Side 
ENABLE PME-8 FOR ATTITUDE CONTROL 
EKABLE REMS B / D  DiSABLE ALL A/C 
SELECT PULSE WIDTH ( 4 0 ,  100 OR 280 MS) 
ENABLE PME-B LATCH VALVE DRIVERS 
CONFIGURE LATCH VAI.VES 
DISABLE PFtE-B LATQI VALVE DRIVERS 
PM I n i t i n l i z a t i n n  for Translation Contro l  A-Side -
ENABLE PW-A FOR TMNC,:ATION COhTROL 
ENABLE REPS A/C kWR TRtWSLATION CONTROL 
ENABLE REWS B / D  FOR TRANSLATION CONTROL 
ENhfiLE PME-A LATCH \'ALVE DRIVERS 
COiZCII;UKE LATCH VALVES 
DISABLE Fb&-A LATCH VAL,VE DRIVERS 
L S D - W C - 2 6 3  
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PM I n i t i a l i z a t i o n  for T r a n s l a t i o n  Control  B-Side - _I_ -
ENABLE PME-B FOR TRANSLATION CONTROL 
ENABLE REMS A/C FOR TF-SLATXON CONTROL 
ENABLE REMS B/D FOR TFAYSUTION CDNTROL 
ENAELE PME-S LATCH VALJE DRIVERS 
CONFIGURE LATCH VALVES 
DISABLE PM-B LATCH VALVE DRIVERS 
PM SUING -- 
ENABLE PbE-A LATCH VALVE DRIVERS 
CLOSE LATCH VALVE 1 AND 6 
CLOSE LATCH VALVE 2 AND 4 
CLOSE LATCH VALVE 3 AND 5 
DISABLE PME-A LATCH VALVE DRIVERS 
DISABLE Pi%-A FOR ATTITUDE CONTROL 
DISABLE PME-B FOR ATTITUDE CONTROL 
DISABLE REMS A/C FOR TRANSLATION CONTROL 
DISABLE REMS S/D FOR TRANSLATION CONTROL 
7.6.3 COMMAND RESTMINTS 
T h i s  sectior? l i s ts  the command r e s t r a i n t s  a s s o c i a t e d  with ghe operat ion o f  t h e  
p r o p u l s i o n  nodule .  The f o l l o v i q  restraints nppxjr: 
8 I t  is a r e c m n e n d e d  opera t ing  p rocedure  that FkE-A be select& when 
usin:: ACE I and PME-B be  s e l e c t e d  whea using AGE B. 
PME-A o r  PME-B must  be e n a b l e d  f o r  a t t i t u d e  control i f  o f f - p u l s i n g  is 
r e q u i r e d  during an o r b i t  a d j u s t  maneuver. 
o 
L SD-'XP C-2 6 3 
7-19 
SVS-10266 
31 December 1981 
7.7 PM TEJ-JNEmY 
Operat ion o f  t he  propuls ion module is mQnitcred us ing  48 t e l eme t ry  channels  of 
which 2% are active ai.ilog, 19 are condittoaed (passive) analog, two are b i l e v e l  
d i g i t a l ,  and cne 18 seaid d i g f t a l .  
-
The t e l eme t ry  p o i n t s  are l i s t e d  i n  Table 7.7-1 and desc r ibed  i n  Paragraphs 
7.7.1.1 t h r u  7.7.2.3. Telemetry l i m i t s  appear  i n  Table 7.7-2; d e r i v a t i o n  
c i r c u i t s  appear  fn S e c t i o n  7.7 -3. For in fo rma t ion  r ega rd ing  c a l i b r a t i o n  curves 
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i Table 7.7-2. Ppf T e l e m e t r y  L 
User 
ID Acronyw Mode 
C 0 ZT'RMAlA3 REM/SIIELF 35 85" PH-03 
HTR PWR ENA 
35 a54 OC 
35 85* OC 
PH-04 ZTRMli2A4 =/SHELF 
PPI-05 ZTRI.IBlB3 REM/SHELF 
HTR PWR ENA 
HTR PWR ENA 
C 0 ZTWE2E4 BEM/SHELF 35 85* PM-06 
HTR PMR E M  
c 0 ZTRFIClC3 REM/SELF 35 85* PH-07 
HTR PUR EFIA 
FEWSELF 35 65" 
HTR PUR E M  
=/SHELF 35 854 
HTR PWR E M  
c 0 PH-08 ZTrnC2 03 
C 0 PPI-09 ZTRMDlD3 
REpf/SBELF 35 8 5* OC PK-LO Z T W Z D 4  
HTR PWR ENA 
C 0 ZTTANKl REM/SHELF 10 60 PM-11 
HTR PWR ENA 
REF~/SIHELF 10 GO 
HTR PldR ENA 
C 0 PM-12 ZTTANICZ 
C 0 REpI/SHELP 10 60 
RTR PWR ENA 
Plik-13 ZTTA€K3 
--- 
"Excludes f l  rang temperature .  F i r i n g  and s o a k h c k  t a p e r a t u r e  upper l f d t  = 
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T a b l e  7 -7 -2 .  PH T e l e m e t r y  Litaitrr 
U s e r  
I D  A c r o n y m  Mode 
LfpLit6 






















HTR PWR ENA 
HTR PUR ENA 
HTR PWR ENA 
REM/SRELF 
HTR Pm ERA 
r*21/s E L F  
HTX PCjR E&$ 
R W / S B L F  






































? -7  -1  WhLOG TELEFETRY MONITORS 
The propuhfon w d u l a  u t l l f o e e  4 5  ana log  tele tr), ESQnfltOPB, incltsdin)?, 26 &CteVn? 
and 19 p5ssfae amlog tlelomletry e p a i n t s  are leistad by u8ef PD in 
TsbLe 7.7-1 and 7.7-2 for tele x l o c a t i o n  and operating l i w f t e  
rerpct lve ly .  The fo1lowfn.g para fbe t h e m  t t f l tmot ty  monitor@. 
7.7.1.1 Racket Engine Module T@mperetura HonitorrP --
REM A TEKP 1 (PHE-A), TEMP 3 (PKE-B) (BN-03)  
REM A TEMP 2 (PPE-A) , TEMP 4 (PPIE-B) (PPI-04) 
RFA €3 TEMP 1 (Pm-A), TWP 3 (PME-B) ( PH-05) 
Rut B TEMP 2 ( P S - A ) ,  TEMP 4 ( P E - B )  (PH-06) 
RW C TEMP 1 (Pi%-A), TEPfP 3 ( (PM-07) 
REM C T W  2 (PHE-A), TEHP 4 ( (P#-O$) 
RE! D TEMP 1 (Pi%-A), TEMP 3 ( (rn-09) 
REH D TEW 2 (PNE-A), TEXP 4 (PME-B) (rw-lo) 
These t e l eme t ry  pofn ta  monitor t h e  tempera ture  of t h e  
pass ive  eeaperatu'f probas i n d i c a t i n g  indfv idu  
temperatures.  fd .*n:fc- l  c i r c u i t s  are u r d  to wn5 t o t  
n t y p i c e l  cfreuPP i l l u a t r e t s d  in F i g u r e  7.Y-I. 
7 -9.1 .? Tank Temperature t4onitorfi i -- 
TAhX I TMP (PI+) 1) 
ThXK 2 TI;HP (P:'-12) 
TANK 3 TFXP (PPI-13) 
These t e l eme t ry  p o i n t s  monitor t h e  tempera ture  of the t h r e e  i n  PM f u e l  ta.,ks 
as maasurcd by pa86ive temperacurc probes. I d e n t i c a l  c i r c u i t s  arc uraed t o  
monitor a l l  tank teraperaturers, w i t h  a t y p i c a l  c i r c u i t  i l l u s t r a t e d  i n  F igure  
7 .?-I. 
7.7.1.3 Latch Valve Temperature Monitorla 
L/V 1 TEMP (PME-A), L/V 6 TEMP (PHE-8) 
L/V 2 TEHP (PFIE-A), L/V 5 TEMP ( P E - 8 )  




These t e l eme t ry  points monitor t h e  tempera ture  of t h e  six f e t c h  va lves  8s 
measured. by pnsfpivr teaiprrntura? probes on each va lve .  Identical c:rcubta A T C  
used to monitor all v a l v e  temperatures, w i t h  n typlc5Ei c i r c t t f t  i ~ l u s e r s t e d  i n  
Figure 7 - 9 - 1 .  
LSD-UPC-263 
7 - 5 7  
7 .7 .1 .4  Beam Temperature -- Ptoni tors 
SV S-10266 
These t pf leuha e r y  polnr  miticor t h s  ealaperetura of cha I-baom r e r u c t u r e  u5 
aurport  t h e  three main p r o p s l l a n t  tanks .  One probe monitors the Center  tni~ts 
where a1I t h r a o  b u m s  m e t .  The o t h e r  Bic)n@otx arb lacatarit an aanch of t h r a a  
rams. Each 8entaor IB a pamtvpf d ~ v i c a ,  w i th  (3 t y p i c a l  Ralemratry d e r i v a t i o n  
c i rcui t  i I l u s t r n t e d  i n  F igu re  7.7-1.  
7 .7 .1 .5  
Fuel Tan). Pressure (PM-19) 
This  tt?lant~,try pa in t  monitors  fuel t ank  manifold presoura  v ia  M s t r a in  gaga 
s a n e i ~ ~  elornetit ma uhown i n  F igu re  7.7-2 .  The plrmtlura t r ansduce r  @ernes 
ahsolute praeeurtt throughout t h e  range from zero t o  500 p s i a .  
7.7 .1 .6  k A t . c r  Power Hua Status Monitor --__ __ -__I 111- 
Ilacltar Power P u s  Sttatus 
TU4 Vol tis - 1 1 - 1 -  Primary Reclundant -- 
Dimhlad 
D i enh led  
Enn h 1 c d 
Eiru h 1 E? d 
E nu h le  n 
Disahlaci 





7 . 7 .  1 . 7  Imtch Valvcs Driver S t a t u e  Monitor 
I-~ I---- 
l,SI)-IZPC- 26 3 
*- J 
Latch Valve Dr ive r  S t a t u s  
P M E A  TLM Volts -- PME E3 -- -- 
Disabled Disabled 0.40 
Enabled Disabled  2.65 
Disabled Enabled 3.78 
Enabled Enabled 4.99 
Latch va lve  d r i v e r  s t a t u s  is de r ived  as shown i n  F igu re  7.7-4. 
7.7.1.8 ba tch  Valve S t a t u s  Monitor 
--__I 
LATCH VALVE 1,2.3 OPEN/CLOSED 
LATCH VALVF, 4,s ,6 OPEN/CEOSED 
SVS-10266 
31 December 1981 
(PH-22) 
(Plls.23) 
These t e l eme t ry  p o i n t s  w n i t o r  t h e  s t a t u s  of t h e  l a t c h  va lves ,  i n d i c a t i n g  
whether t hey  are open or c losed .  Latch va lves  1 and 6 c o n t r o l  the flow of 
prope l l an t  t o  t h e  t r a n s l a t i o n  t h r u s t e r s ,  whi le  l a t c h  va lves  2 t h r u  5 c o n t r o l  t h e  
flow t o  REM A ,  B,  C and D a t t i t u d e  t h r u s t e r s  r e s p e c t i v e l y .  La tch  va lve  1,2,3 
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7.7.1.9 A t t i t u d e  Control  E l e c t r o p i c s  S t a t u s  Monitor 
PMZ A/B ATT CO€KtXOL EXA/DZSA (PM-24) 
This  ;elemet:y po in t  i n d i c a t e s  which set of p ropu l s ion  module e l e c t r o n i c s  has  
been s e l e c t e d  t o  d r i v e  che a t t ? t u d e  c o n t r o l  t h r u s t e r e .  Its s t a t u s  is de f ined  i n  
terms of t e l eme t ry  v o l t s  as fol lows:  
Se lec t ed  E l e c t r o n i c s  
P a  a 




mI) -- -- TLM V o l t s  
0.40 




A t t i t u d e  c o n t r o l . e l e c t r o n i c s  s t a t u s  is der ived  as shown in Figure  7.7-6. 
7.7.1.10 Se lec t ed  Thrus t e r  Pu l se  Width Te leme t ry  
PKE A 40/100/280 NS PULSE SELECT 
PpfE E 40/100/280 MS PULSE SELECT 
These t e l eme t ry  p o i n t s  i n d i c a t e  t l r ruoter  p u l s e  width d u r a t i o n  2s s e l e c t e d  for 
uae by t h e  a t t i t u d e  c o n t r o l  thrusters and a r e  Liefined 96: 







Se lec t ed  t h r u s t e r  p u l s e  wid th  t e l eme t ry  i s  de r ived  a8 shown i n  Figure 7.7-7. 
7.7.1.11 ACS Direct Control  Inpu t  S t a t u s  Monitor 
ACS DIRECT CONTROL INPUTS ENA/DISA (PH-27) 
enable  This  t e l eme t ry  p o i n t  monitors t h e  s t a t u s  of t h e  d i r e c t  ACS i n p u t  
used t o  eneb le  d i r e c t  t h r u s t e r  i npu t6  from MACS dur lng  safe-hold. 
def ined i n  term of t e l eme t ry  v o l t s  as: 
r e l a y ,  




ACS Direct C o n t r o l  I n p u t  S t a t u s  
PME A 
Enable Enable - 
R is a b l e  Enable 
Enable Disable 
Disable  Disable  
The te lemet ry  d e r i v a t i o n  c i r c u i t  f o r  
7.7-8. 
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t h i s  functie?.  is i l l u s t r a t e d  i n  F i g u r e  
7.7 .I .I2 R E M  A/C A t t i t u d e  C o n t r o l  T h r u s t e r  S t a t u s  FIonitor --
PME A PUS ATT CONT R E M  A/C  EMA/DLSA 
PME A NEC ATT COhT R E M  A/C ENA/DISA 
PEIE B POS ATT COXT R E M  A/C EMA/DISlr. 





These te lemet ry  p o i n t s  monitor t h e  s t a t u s  of PME A/S RE.1 AlC a t t i t u d e  c o n t r o l  
t h r u s t e r s ,  
These f u n c t i o n s  are def ined  interms-of te lemet ry  v o l t s  BR follows: 
i n d i c a t i n g  whether t h e  + r o l l ,  p i t c h  and yaw t h r u s t e r s  are enabled.  
R r n  a/c 
At t i t t ide  Cont ro l  T h r u s t e r  S t a t u s  





























- TLPf Vol t s  -- 
0.403 
I .879 






d e r t v a t i o n  of t h e s e  te lemet ry  points  13 i l l u s t r a t e d  i n  
7.7 .1 .13  Generated A t t i t u d e  Control Pulse  Monitor 
P a  A BOS ATT CON" TORQ PULSE GEN 
P E  A MEG ATT CONT TORQ PULSE GEN 
PPfE €3 PCS ATT C O K  TCRQ PULSE G E N  
PME 8 NEG ATT CONr TORQ PULSE GEN 
(PH-32 j 
(RM-3 3) 
( PM- 34 1 
(PI+-35) 
These te lemet ry  poin t6  monitor what, i f  any,  a t t i t u d e  couzrol t h r u s t e r  p u l s e s  
have been generated by e i t h e r  PME A o r  PME B. An i n d i c a t i o n o f  + r o l l ,  p i t c h  
and yaw p u l s e s  being genera ted  is inc luded  i n  t h e s e  f u n c t i o m ,  dzf ined i n  terms 
of te lemet ry  v o l t s  as: 
LSD- UP C-2 6 3 
7-6 1 
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PIG A/PME B 
TLI Vo l t s  -c_- A t t i t u d e  Conzrol T h r u s t e r  P u l s e  Generated 
No P u l s e s  
R o l l  P u l s e  
P i t c h  P u l s e  
Yaw P u l s e  
R o l l ,  P i t c h  P u l s e  
R o l l ,  Yaw P u l s e  
P i t c h ,  Yaw P u l s e  









These t e l eme t ry  f u n c t i o n s  are de r ived  as shown i n  F igu re  7.7-10. 
7.7.1.14 T r a n s l a t i o n  Con t ro l  E l e c t r o n i c s  S t a t u s  Monitor 
PME A/B TWSLAT'tON CONTROL ENA/DISA (PM-36) 
This t e l eme t ry  p o i n t  i n d i c a t e s  which set  of p ropu l s ion  rtodule e l e c t r o n i c s  h a s  
been a e l e c t e d  t o  d r i v e  t h e  t r a n s l a t i o n  c o n t r o l  t h r u s t e r s .  I t s  s t a t u s  is de f ined  









T r a n s l a t i o n  c o n t r o l  e l e c t r o n i c s  s t a t u s  is der ived  as shown i n  Figure 7.7-11. 
7.7.1.15 T r a n s l a t i o n  Con t ro l  REM S e l e c t  Monitors 
PME A TR CONT REM h/C,B/D ENA/DIS 
PME B TR CONT REM A / C , B / D  ENA/DIS 
(PH-37) 
(PM-38) 
These t e l eme t ry  p o i n t s  i n d i c a t e  which p a i r  of REM's have been s e l e c t e d  f o r  
t r a n s l a t i o n  c o n t r o l .  The f u n c t i o n  of t h e s e  monitors are i d e n t i c a l  f o r  PME A and 
P a  B ,  de f ined  i n  terms of t e l e r t e t ry  v o l t s  as: 
Trans l a t i  on Con t ro l  
Se lec t ed  Rem Pair 










QF POOR QUALfn  SPS-10246 
31 December 1881 
The t e l eme t ry  d e r i v a t i o n  c i r c u i t  f o r  t h e s e  f w c t i o n e  is shown i n  F igure  7.7-12. 
7.7.1.16 T r a n s l a t i o n  Cont ro l  Thrus t e r  F i r i n &  Monitors 
REM A/C TRM'SL CONT TttRUSTERS ON/OFF 
REPl R / D  TKANSL CONT THRUSTERS ON/OFF 
(PH-39) 
(Pf4-40) 
These t e l eme t ry  p o i n t s  monitor a c t u a l  t r a n s l a t i o n  c o n t r o l  t h r u s t e r  f i r i n g s ,  
indiclatinR which i n d i v i d u a l  t r a n s l a t i o n  c o n t r o l  t h r u s t e r s  e'rc f i r e d .  The s t a t u e  




T r a n s l a t i o n  Con t ro l  T h r u s t e r  S t a t u s  
-A 1  
Off Off 
F i r ed  Off 
Off F i  red 






Simi la r ly ,  REH B / D  t r a n s l a t i o n  COntKOl t h r u s t c r  s t s t u s  i s  dcf ined  4s: 
K M  B / D  
D1 
T r a n s l a t i o n  Con t ro l  T h r u s t e r  S t a t u s  
-BI 
Off O f f  
F i red  Off 
Off F i r ed  
Ff  red F i  red 
-
0 A0 
2 . 6 5  
3.78 
4.99 
T h e  telemtry d e r i v n t f o n  c i r c u i t  f o r  t h e s e  func t ions  is i l l u s t r a t e d  i n  F igu re  
7.7-13. 
7.7.1.17 A t t i t u d e  Cont ro l  T h r u s t e r  F i r i n g  Pfonitors 
REM A ATT CONTROL THRUSTERS ON/OFF 
REM B ATT CONTROL THAlrSTEKS ON/'OFF 
R"LN C ATT WhTKOL TRRUSTERS Oti/CIFF 
RFPf D tYTT COhTKOL TtiFtL1STEKS ON/OFF 
(FM-41) 
(PN-42) 
( PH-Q 3 1 
(I'H-44) 
These telemetry p o i n t s  ffionftor a c t u a l  a t t i t u d e  cone ro l  t h r u a t e r  firings, 
f n d i c n t f r q  which f n d i v i d a n l  a t t i t u d e  c o n t r o l  t h ru f i t e r s  are f i r e d .  I n d i c a t i o n  of 
a t t t t u d c  c o n t r o l  t h r u s t e r  f i r in@ is i d c n t t c s l  for each  REX, def ined  i n  tams oC 
t e lemet ry  v o l t s  as: 
t! it: 
LlTV SVS-10266 
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A t t i t u d e  Cont ro l  T h r u s t e r  S t a t u s  
THR 2 TBR 3 THR 4 -- TEB s o i t s  -.- __- -- 
Off 
F i r ed  
Of € 
O f €  
F i r e d  
F i r ed  
O f f  
F i r ed  
O f f  
O f f  
F i r e d  
Off 
F i r e d  
Off 
Fi red  
F i r ed  
O f  E 
Off 
Off 
F i r ed  
Off 
Fi red  
F i r ed  









The te leruetry d e r i v a t i o n  c i r c u i t  f o r  t h e s e  f u n c t i o n s  is i l l u s t r a t e d  i n  F igu re  
7.7-14. 
7.7.1.18 Aux i l i a ry  Tank K i t  Temperature Monitors  
ATK Tank Temperature 
ATK Fuel  Temperature 





These t e l eme t ry  p ~ f n t s  l3i !RitOr t h e  t enpe ra tu i e  of t he  auxffisry tank k i t  &a 
measured by p e s s i ~ e  temperature p.ro&cs i n d i c a t i n g  tank ,  fuel. and l i n e  
temperatures  I d e n t i c a l  c i r c u i t 8  are used t o  muaitur a l l  three te;lperaturen, 
with  a typicell  c i r c u i t  i l l u s t r n t c d  i n  FFgure 7.7-1. 
2 o t e  t h a t  t he  P T K  t e l eme t ry  i n t e r f a c e  is t h r u  t h e  s i g n a l  cond i t ion ing  and 
c o n t r o l  u n i t  rether t h a n  t h e  PM. 
7 -7 e 2  DIGITAL TELEMETRY MONITORS 
The p ropu l s ion  module u t i l i z e s  t h r e e  d i g i t a l  t e l eme t ry  uon i to r s .  Of these ,  two 
are b i l e v e l  s t a t u s  words, wh i l e  t h e  t h i r d  is 6; ser ia l  d i g i t a l  word. Each word 
is  def ined  i n  t h e  fo l lowing  paragraphs.  
7.7.2.1 B i l eve l  Word 01 (PM-01) 
T h i s  f u n c t i o n  c o n s i s t s  of e i g h t  b i l e v e l  s t a t u s  bits cornbixd t o  form 
t e lemet ry  word PM-01. The b i t s  d e f i n e  o r  p a r t i a l l y  d e f i n e  t h e  s t a t u s  of t he  
propuls ion  module remote i n t e r f a c e  u n i t s ,  and primary R E M  and s h e l f  hea t e r s .  















RIU 05 HATE STANDBY UOFF 
R I U  05 B ON/A ON 
UNUSED B I T  = 1 
REM h P R I  HTR T H K T A T  SEL RED/PRI  
REM B P R I  HTR TW?STAT S E L  BED/PRI  
REI3 C P R I  HTR THMSTAT S E L  RED/PRI  
REM D P R I  HTR THMSTAT SEL R E D / P R I  
SHELF P R I  HTR THMSThT SEL RE?)/PRI 
B i t s  0 and 1 i n d i c a t e  t h e  s t a t u s  of R I U  A and B ,  e i t h e r  of which can be in one 
of t h r e e  modes; O f f ,  Standby 1, o r  On. Note, both RIU’s cannot  be on 
s imultaneously.  B i t  0 (ZMATENF) i n d i c a t e s  t h e  s ta te  of t h e  mate t o  t h e  c u r r e n t  
R I U  i n  use.  B i t  1 (ZRIUSBA)  i n d i c a t e s  which R I U  ts c u r r e n t l y  i n  use.  Tog?ther  
t h e s e  two b i t s  d e f i n e  RTU s t a t u s .  
ZRTOSBA ZMATENF RZU Status 
I) - A - BO -B 1  Y r  
OR O f f  
On Standby 1 
Standby 1 On 
O f f  On 
B i t s  3 t h r u  7 i n d i c a t e  which thermosta t s  are being used f o r  primary REM and 
s h e l f  h e a t e r  c o n t r o l ,  and are der ived  as  shown i n  F i g u r e  7.7-15. B i l e v e l  s t a t u s  
i s  def ined as: 




Thermostat  Se lec ted  
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7.7.2.2 B i l e v e l  Word 02  (PM-02) -- 
T h i s  t e l e m e t r y  f u n c t i o n  c o n s i s t s  of e i g h t  b i l e v e l  S t R t U G  bite comblndd t o  f o m  
t e l e m e t r y  word PM-02. The b i t s  d e f i n e  t i e  s ta te  of t h e  redundant  REM and shelf  
h e a t e r s .  Bilevel word 02  i t s  d e f i n e d  as: 
B i t  Weight 27 26 25 z4 2 3  z2 2: 2* 
User SD <----------P~-4-02---*----- > 
Bit I D  BO B 1  B2 B3 B4 B5 B6 B7 
B i t  F u n c t i o n  
E0 
B l  
B2 





REM A RED HTR THMSTAT SEL RED/PRI 
REM B RED HTR THMYTAT SEL RED/PRI 
REM C RED HTR THMSTAT SEL RED/PRI 
REM D RED HTR THMSTAT SEL RED/PRS 
SHELI Rl3D HTR TKMSTAT SEL RED/PRI 
UNUSED BIT = 1 
UNUSED BIT * 1 
UNUSED BIT 1 
B i t s  0 t h r u  4 i n d i c a t e  which themostets  aye being rrsed f o r  r e d u d a n t  REI.! and 
s h e l f  h e a t e r  c o n t r o l ,  and are derlved as shown en S i g u r e  7.7-15. E&k?;lel  status 
is d e f i n e d  as: 




Themostat S e l e c t e d  
Pr ime 
Redundant 
7.7.2 ‘3 S e r i a l  D i g i t a l  Word ZLAHTRS (PM-45) -- 
T h i s  t e l e m e t r y  f u n c t i o n  consist3 of e i g h t  b i l e v e l  s t a t u s  hi c a b i n 4  t o  f o m  
t e l e m e t r y  word PM-45. The b i t s  a e f i n e  t h e  state 3f ,he prime a3d redundant  
A u x i l i a r y  Tank K i t  (ATK) t h e r m a l  c o n t r o l  f u n c t i o n s :  ZllWTRS i s  d e f i n e 2  as: 
B i t  Weight z7 z6 25 z4 z3 22 2 l  z0 
User I C  <------------p~-45------~- > 
B i t  I D  BO B 1  B2 B3 B4 E5 B6 B7 
B i t  - FULC t ion 
SO Uh’liSED BIT = 1 
SI. UM’SED BIT = 1 
s 2  .. L’....K PRIMARY TAhX HEATER E N A B L E ~ D  IS ABL E 
53 - - - A X  PRIMARY LINE HELTER ENABLE/DISBBLE 





ATK REDlTNDAKT TMX HEATER ENABLEIDZSRBZE 
ATK FdDUNDC.NT LIXE EATER ENABLE/DISMLE 
ATEC TANK HEATER THERMOSTAT BPPASS/ENABLE 
SV S-1 0266 
The tank an, l i n e  h e a t e r  &elelretry f w c t i o n s  monitor ,be sea a 5  of the ATfi p r i w  
and redundant h e a t e r  c o n t r o l  rela>s,  l e f lned  as: 
lilevel S t n t u s  -- -- 
3 
1 
The tzmk and Pine  hente thermostat t e l e w t r v  f i n c t i o n s  monfcor whether t h e  
h e a t e r s  are c o n t r o l i e d  cloaed l oop  vi:b a t h e m s t a t  3r OWE loop w i t h  the 
thermosta t  bypassed. l i l e v e l  s t ra tus  is def ined  as: 




T h e n o s t a t  e 
Ennb Le d 
By pas sed 
~ o t e  t h a t  the ATE; t e l eme t ry  jntcrisnce is thrcnwh the s ignal  c3ndY.tioning 
1 c o n t r o l  u n f t  r a t h e r  than ~ t w  Bbl.  
7.7.3 TELWTRY XIERIVATION CXBCPXTS 
Th i s  s e c t i o n  psovides  f u n c t i o n a l  s c h e ~ t i c s  of the te9cmetry c i r c u i t s  re ferenced  
i n  the. preceediw paragraphs. The sctiemttics have been s i m p l i f f e c !  and are 
provided as a n  a i d  t o  unders tanding  t h e  telemetry i n t e r f a c e .  
I 
7-67  
5 . l l K  
Figure  7-7-1. P e s s l v t  Temperature Telemetry Honl tor 
I 
1. 





















Figure 7.7-0. Latch Valve Driver Status Monitor 
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Figure 7.7-6. Attitude Control Electronics Statue Moizltnr 
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F i g u r e  7.7-7. Selected Thruster Pulse Width Telemet ry  
LSD-WPC-263 
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REM A/C ATTITUDE CdNTROL 
THRUSTER STATUS 
4.02K 
Figure 7.7-9. REM A/C A t t i t u d e  Control Thruster Status Monitor 
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Figure 7.7-10. Generated Attitude Concrof. Pulse H ~ t i i t o r  
LSD-WC-263 
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Figure 7.7-13. Translation Control  Thmstcr F i r i R g  Honi to r s  
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F i g u r e  7.7-15. iieater Thermostat S e l e c t i o n  Monitor 
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SIGNAT, CONDITIONING CBNTRDL UNIT 
8.1 FLT3CTIOh'A.L DESCRIPTION 
The SChCU is m u n t e d  on  a lcngeron of  t h e  s p a c e c r a f t  s t r u c t u r e  between t h e  
Modular Power Subsystem (PIPS) and t h e  Communications and Data H a n d l i q  (C&DH) 
rnotduleo (4s shown i n  F igu re  8.1-1. Power f o r  t h e  SCLCU i s  provided f r m  t h e  HPS 
by two unfused, redundant power buses. A l l  bur, p r o t e c t i o n  c i r c u i t r y  f o r  t h e  
SCGCU c i r c u i t r y  and its loads  is provided w i t h i n  t h e  unik,  
C o m n d s  and t e l eme t ry  i n t e r f a c e @  wi th  t h e  S(%cD t.ia a redundant KultPplex Data 
Bus (KDB) t h a t  i n t e r f a c e s  t h e  CiDH module wi th  e l l  subsystems and t h e  payload. 
Conunands and t e l e m t r y  are decoded snJ mult ip lexed  by a redundant p a i r  of Rernote 
I n t e r f a c e  Unit  ( R I U ) .  The S66CU cond i t ions  t h e  c nde Losued by t h e  RIU's and 
t h e  t e l eme t ry  i n p u t s  t o  t h e  RIU's as r equ i r ed  fop t h e  c o n t r o l l e d  func t ions .  
Figure 8.1-2 is a f u n c t i o n a l  block diagram o f  ScdCU e x t e r n a l  interfaces, while  
F igu re  8.1-3 is a f u n c t i o n a l  block diagram of  SchCd int .erna1 i n t e r f a c e s .  Yigure 
8.1-4 Cetails t h e  f u n c t i o n a l  i n t e r f a c e s  between t h e  SGCU and t h e  PDU. Ffgure 
8.1-5 d e t a i l s  t h e  Instrument  Module Keater Control .  
The power C o ~ s u m p t B ~ n  in t h e  SCQCU confro: and ~0affxsr1r.g circuit% Ee lees than 
15 w a t t s  on an orbital average lzacis, including t5-c RZrJ"s br?t eixcluelve of 
h e a t e r s .  Heater power does not exceed 25 w a t t s  on an orbital average b a o l e .  





1 CONTROL MOBUL 
BOWER 
EARTH / ARRAY PANEL 
MODULE 
Figure 8.1-1. SC&CU L o c ~ C ~ G ~ I  on Flight: Segwnt 
5 
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Figure 8.1-2. SCGCU External  Inrerfacec 
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Figure 8.1-3. SCdCU I n t e r n a l  Interfaces 
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8 -2.2 COPlMAND AND TELEMETRY 
Redundane command and t e l eme t ry  c i r c u i t r y  i s  provided f o r  a l l  SC&CU f u n c t i o n s  
except  as s p e c i f i c a l l y  def ined .  Th i s  s h a l l  be implemented by t h e  use of 
redundant RZU's. 





8.2 .3 .2  
F l i g h t  Heaters  
Spacec ra f t  S t r u c t u r e  and SCCCU Heaters - The s p a c e c r a f t  s t r u c t u r e  
h e a t e r s  have a maximum c a p a c i t y  of 1.0 ampere. 
Payload Heaters - The SChCll s h a l l  provide bus p r o t e c t i o n  and power 
c o n t r o l  c i r c u i t r y  f o r  e i g h t  payload h e a t e r  c i r c u i t  con f igu ra t ions .  
Each c i r c u i t  i s  capable  of c o n t r o l l i n g  a maidmum c u r r e n t  of 1.20 
amperes a t  maximum bus  vo l t age .  
PM-IA Heaters - The SChCU provides  bus  p r o t e c t i o n  and power c o n t r o l  
c i r c u i t r y  f o r  two redundant PM-IA h e a t e r s ,  bo th  of which c o n t a i n  
thermos ta t  bypass  c a p a b i l i t y .  
I ia rd l ine  Heaters -- 
A hard l ine  h e a t e r  c i r c u i t  i s  provided i n  the SCSCO. The h e a t e r ( 6 )  and 
t h e m o s t a t ( s )  are s i z e d  t o  iaaintadn rjurvlval temperaturaa €or  211 3CbCU 
c i r c u i t r y  when s p s c e c r a f t  power is turned  off  f o r  ~ ~ u p p l y  c9ersEions.  The 
hea te r  c i r c u i t  i s  designed f o r  o p e r a t i o n  on a 28 54 V DC power source  and is 
e l e c t r i c a l l y  i s o l a t e d  from all o t h e r  s p a c e c r a f t  c i r c u i t r y .  
8 -2  -4 TEMPERATURE SENSORS 
The SC&C'J has  t h e  c a p a b i l i t y  f o r  redundant ly  monitor ing temperatures  a t  s i x  
l o c a t i o n s  on t h e  MMS s t r u c t u r e .  
I n  add i t ion ,  t h e  i n t e r n a l  temperatures  of each of t h e  two RIU's are monitored by 
connect ing each RIU's temperature  senso r  t o  both  RIU's. Exte rna l  shunt  
r e s i s t o r s  are not  r equ i r ed  because t h e  RIU's c o n t a i n  i n t e r n a l  shunt  r e s i s t o r s .  
The SC&CU accommdates  six redundant temperature  senso r s  ( t h r e e  primary and 
t h r e e  backup) a t  t h r e e  l o c a t i o n s  f o r  PM-IA tank and l i n e  temperature  monitor ing.  
These s e n s o r s  do not  r e q u i r e  cond i t ion ing  c i r c u i t r y .  
The SC&GU a l s o  accontaodatcs two i n t e r n a l  s t m d i i r d  range eenpe r s tu re  6enfio~'s. A 
prec i s ion  S -l-kilchrn r e s i s t o r  i s  provided i n  t h e  SC&CU f o r  Faral.icl1 ng each 
thermis tor .  
LSD-WC-2 6 3 
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8.2.5 PYROTECHNIC CIRCUITRY 
The SC&CU prov ides  redundant pyro technic  arming safbR: and f i r l  ng c i r c u i t r y  f o r  
a l l  s p a c e c r a f t  pyro technic  devices .  The c i r c u i t r y  i n  desig%xl t o  f i n e  Type 
NSI-1 NASA Standard I n i t i a t o r s .  
The c i r c u i t r y  provides  commandable s a f e  farm swi tch ing  and a manual sili'et'4rmf test 
i n t e r f a c e  w i t h  p rov i s ions  f o r  checking f i r i n g  c i r c u i t  c h a r a c t e r i s t i c s  w i th  the 
arming p lug  i n s t a l l e d .  Each f i r i n g  c i r c u i t  p rovides  i n d i v i d u a l  f u s i s t o r s  for  
f i r i n g  two pyro technic  dev ices  s i m l t a n e c u s l y .  50 
m s  of  switched 28-volt power. For  some a p p l i c a t i o n s ,  on ly  one i n i t i a t o r  can  be 
used f o r  each  f i r i n g  c i r c u i t ;  however, each c i r c u i t  has  provis ions  f o r  two 
i n i t i a t o r s  e 
The f i r i n g  p u l s e  i s  a t  least  
8.2.5.1 S o l a r  Array Deploy Pyro technic  C i r c u i t r y  
Four primary and f o u r  redundant pyro technic  f i r i n g  c i r c u i t s  are provided from 
dedica ted  primary and redundant pyro technic  arming buses  f o r  deployment t h e  
solar a r ray .  The s o l a r  a r r a y  pyro technic  c i r c u i t r y  is  capable  of meeting t h e  
fo l lowing  requi rements  : 
of 
1. Able t o  group-am and group-safe a l l  t h e  soI.ar array deployment 
func t ions .  
2 .  Able t o  am and then  f i r e  f o u r  br idgewires  (primary and redundant 
s i d e s  of two pyro techcfc  devices) sFmultaaraeaialy from the '*A'' s i d e ,  
w i t h  c a p a b i l i t y  of arming and f i r i n g  t h e  saEe f o u r  br idgewires  €ram 
t h e  "B" tiide. It is  a b l e  t o  arm and then  f i r e  t h e  r e w i n i n g  f o u r  
br idgewires  (pr imary and redundant s i d e s  of two pyro technic  dev ices )  
s imul taneous ly  from t h e  "A" s i d e ,  w i th  c a p a b i l i t y  of arming and f i r i n g  
t h e  same f o u r  br idgewires  from t h e  "B" s i d e .  
8.2.5.2 Boom Antenna Pyro technic  C i r c u i t r y  
Four primary and f o u r  redundznt pyro technic  f i r i n g  c i r c u i t s  are provided v i a  
dedica ted  primary and redundant  pyro technic  arming buses. The payload 
pyro technic  c i r c u i t r y  is capable  of meeting the  fo l lowing  requirements:  
I. Able t o  group-arm and group-safe a l l  t h e  antenna deployment func t ions .  
2. Able t o  arm and then  f i r e  t h r e e  br idgewires  (pr imary side of t h r e e  
pyro technic  dev ices )  fron, t h e  "A" s l d e  wi th  t h e  c a p a b i l i t y  of arming 
arid firing t h r e e  br idgewries  ( r educdan t  side of th-ee pyro technic  
d e v i c e s )  from t h e  "B" s ide. .  Each br idgsvtre:  lis t o  be aimed and f i r e d  
s e p a r z t e l y .  
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The followiw c i r c u i t r y  is provided f o r  j e t t i s o n i n g  appendages dur ing  
ope ra t ions  : 
8.1.6.1 Hard l ine  J e t t i s o n  
C i r c u i t r y  is provided f o r  j e t t i s o n i n g  appendages dur ing  r e t r i e v a l  ope ra t ions  by 
h a r d l i n e  c o n t r o l  from t h e  S h u t t l e  F l i g h t  Support System (FSS). Power,  arming 
and f i r i n g  c i r c u i t r y  provided as  p a r t  of t h e  FSS s h a l l  c o n t r o l  s a f e i f i r e  r e l a y s  
i n  t h e  SChCU v i a  a h a r d l i n e  umbi l i ca l  c i r c u i t .  The switched power provided f o r  
f i r i n g  the pyros is 28 24 v o l t s .  Each f i r i n g  c i r c u i t  i n  t h e  SChCU is c o n t r o l l e d  
v i a  l eve l - type  r e l a y s  t h a t  s a f e  t h e  pyros when de-energized. Each c i r c u i t  is 
capable  of f i r i n g  two Type NSI-1 NASA Standard I n i t i a t o r s  v ie  s e p a r a t e  
f u s i s t o r s .  The h a r d l i n e  j e t t i s o n  c i r c u i t r y  i s  capable  of meeting t h e  fo l lowing  
requirements: 
r e t r i e v a l  
1. Able t o  f i r e  a primary s i d e  br idgewire  from t h e  "A" s i d e  w i t h  
f i r i n g  t h e  redundant s i d e  br idgewire  from t h e  "I)" s i d e  c a p a b i l i t y  of 
to J e t t i s o n  the  s o l a r  a r r a y .  
2.  Able t o  f i r e  two bridgewires (pr imary side cE ~ W Q  pyro techxic  dev ices )  
f r o  t h e  "A" s i d e  w i t h  c a p a b i l i t y  of f i r i n g  two bridgewires ( redundant  
side of two pyrotechnic  dev ices )  fro= t h e  "B" side: t o  jettison the  
antenna Boom. Each Sridgewire  is t a  be f i r e d  s e p a r a t e l y .  
3. Has a s p a r e  primary snd redundant f i r i n g  cf r c u i t .  
0..2 - 6 . 2  Command J e t t i s o n  
Four primary and f o u r  redundant f i r i n g  c i r c u i t s  are provided v i a  dedica ted  
primary and redundant pyro technic  f i r i n g  buses € o r  cowmandable j e t t i s o n  of 
appendages. The command j e t t i s o n  c i r c u i t r y  are capable  of  meeting t h e  fo l lowing  
requirements  : 
1. Able t o  group-arm and group-safe a l l  command j e t t i s o n  func t ions .  
2 .  Able t o  arm and f i r e  two br idgewires  (primary s i d e  of two pyro technic  ' . 
dev ices )  from t h e  "A" s i d e  wi th  c a p a b i l i t y  of arming and f i r i n g  two 
br idgewires  ( redundant  s i d e  of two pyro technic  dev ices )  from t h e  "B" 
side t o  j e t t i s o n  t h e  antenna boom. Each br idgewire  is armed and f i r e d  
s e p a r a t e l y .  The two arming and f i r i n g  c i r c u i t s  are  configured t o  f i r e  
t h e  same br tdgewire  AS t h e  h a r d l i n e  j e t t i s o n  C : K C U i t S  tu j e t t i s o n  t h e  
a n t  enns boom. 
3 .  Has two s p a r e  p r i m a r y  and two s p a r e  redundant f i r i n g  c i r c u i t s .  
LSD-WPC-263 
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8.2.7 EARTH SENSOR ASSEMBLY MODULE (ESAPI) 
8.2. .7.1 Commands 
The SC&CU provides  t e n  redundant d i s c r e t s  commands ( t en  from each RIU) f o r  ESAK 
c o n t r o l .  The commands are grouped so t h a t  f i v e  are a s s o c i a t e d  with t h e  28-7 
Pulse  Bus I and f i v e  w i t h  t h e  28-V Pulse  Bus 11. I n  a d d i t i o n ,  both 28-V p u l s e  
buses are provided. 
8.2.7.2 Telemeiry 
The SChCU provides  s i x t e e n  redundant a c t i v e  analog t e lemet ry  channels  f o r  ESAM 
monitoring. R I U  channel ass ignments  are s e l e c t e d  so tha: t h e  ESAM t e lemet ry  
r e t u r n  is not  common w i t h  any o t h e r  SC&CU te lemet ry  func t ions .  
8.2.7.3 Power 
The SCSlCU provides  fused ,  unregula ted  power t o  t h e  ESAMo The f u s e  s i z e  is 2.0 
amperes. 
8.3 MODES OF OPERATION --
Deploy: S o l a r  a r r a y  and antenna boom 
Oilerate: M4.S h e a t e r s ,  1M heaters, SCECU h e ~ ~ t e r 6 .  
J e t t i s o n :  Antenna Boom - t r a n s m i t  j e t t i s o n  command from Ground S t a t i o n  o r  space s h ~ ~ t t l e .  
S o l a r  Array - t ransmic  j e t t i s o n  c o m n d  from space s h u t t l e .  
8.4 CONSTRAINTS 
Time between execut ion  of SChCU serial commands is 128 mi l l i seconds  (10 commands 
per second) .  
8.5 REDUNDANCY 
The SChCU subsystem i s  completely redundant.  Dual components and c i r c u i t s  are 
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F i g a r e  8.1 -G. S G C U  Redundanc f 
8-1 1 
8 -6  SC6 CLJ COtptllNDS 
Thc redun.omt FcIU's con ta ined  in the? SC&CJ module (RIU 41: and 4 B )  provide 
commands for SCLCU f u n c t i o n s  and f o r  t h e  E a r t h  Sensor  Assembly Module (ESAM). 
Any command may be executed  by either BIU. 
_I_ 
Discrete commands are 1is;ed i n  Table  8.6-1, which c o n t a l n s  t h e  consnand addres s  
(BIU and channe l )  and the unique acronym ass igned  to  each command f u n c t i o n -  
ESAM C O Z Q E I ~ R ~ S  i n  che t a b l e  are l i s t e d  f o r  in fo rma t i an  only; those commands ate 
desc r ibed  in S e c t i o n  3.6 (MACS c m n d s ) .  
A l l  serial. magnitude commands are sent to address 470 ( R I U  4, serial command 
enab le  l i n e  0). Table  8.6-2 con ta in@ t h e  unique  acronyms as s igned  t o  specific 
serial cormzand b i t  p a t t e r n s  end func t ions .  In  t h e  DATA column, t h e  16-bi t  
magnitude d a t a  is p resen ted  i n  hexadecimal form. 
Table 8.6-3 prov ides  command v e r i f i c a t i o n  v i 2  SC&CU telemetrp. 
t a b l e  i n d i c a t e s  p r e r e q u i s i t e  commands ( o r  s t a t e s )  and coioaplementary commands - 
Cormand descr:ptfonc are provfded fn Sec t ion  8.6.1, caw-nd sequences in Scccitts 
8.6*2, and command restxaints in' S e c t i o n  9-6+3.  
I n  addition, t h e  
1 
1 
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Table 8 *6-1. Dfscrete CoEgands 





































































B P r n  I 










ES l K r Z N  






E S l L X E N  
ESAM W-S: 
ESA 1 POVEX ON 
E S A  1 PO'iYR OFF 
ESA 1 HEATER ENABLE 
E S A  1 WEATER DISABLE/LOGIC DISABLE 
ESA 2 POWER ON 
ESA 2 POb'EB OFF 
ESA 2 F E W E R  ENABLE 
ESA 2 EAT'EB DISiLBLE/LOGXC DISABLE 
E S A  2 LOGIC E W E  
ESA 1 LOGIC E€ABLE 
ROTS: E S M  comands are f isted f o r  Lafozxat loz o d y .  S e c t i o n  3+.6 ccmeains 
ESAM cmmand desc r ip t ions .  
LSD-LTC-2 6 3 
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T a b l e  8.6-2. S e r i a l  Corslmaad Acronyms 
Data Acronyru Colamaad Name 
Tp1 SAFEHOLD tPEATER 2 DISMLE 
TI4 SAFWOLD HEEiTER THERMOSTAT BYPASS 
TM SBFEWOLD KEATER 'IXEMOSTdT ENABLE 
PAYLOAD BEATER 8 P R W Y  ENABLE 
PAYLOAD KEATER 8 PRIMAKY DESABLE 
PAYLOAD HEATER 8 REDUNDANT ENABLE 
PAYLOAR HEATER 8 REDUNDANT DISABLE 
PAYLOAD TKEWSTAT 8 BYPASS 
PAYLOAD THEWSTAT 8 ENABLE 
MMS STRUCTURE HEATER C0MMAM)S: 
S P A C E C m  HEATER 1 EMBLE 
SPACECP-AFT EATER 1 DISMLE 
SPRCECPJLT TE&P?t)STAT 1 BYPASS 
SPACECRAFT BY PA AT L EHA'OLE 
SPIZGEG~UrZ HEATER 2 ENABLE 
SPACECRm HEATER 2 DESABLE 
SPACECWT TNE?%OSTAT 2 BYPASS 
SPACECRAFT THERMOSTAT 2 ENABLE 
SPACECPUT HEATER 3 ENABLE 
SPACECRAFT IiEIZTER 3 DISABL-E. 
SPACECaaFT TiERMOSTAT 3 8YPASS 
SPACECRAFT THEWSTAT 3 ENABLE 
SPACECRAFC HEATER 4 ENABLE 
SPACECRAFT TIiERPfOSTAT 4 BYPASS 
SPACECRAFT TffEWOSTAT 4 ENABLE 
SPACECRAFT E A T E R  5 ENABLE 
S P A C E C W  E A T E R  5 DISABLE 
SPACECRAFT THEF34OSTAT 5 BYPASS 
SPACECRAFT THERN0STE.T 4 EfABLE 
SPACECRAHI HEATER 5 ENABLE 
SPACECRAFT tiEATER 6 DISABLE 
SPACECRAFT TNEF@OSTAT 6 BYPASS 
SFACECUET TtEl%!OSTAT 6 E%'+BLE 
SPACECRAFT ~IEIITER li DISABLE 
S O U R  ARRAY DEPLOY PYRO COWANDS: 
ARR4.Y DEPLOY MASTER ARY 
ARRAY 5EPLOY KASTER ART[ (BACKUP C O E 9 W  
A N U P  DEPLOY HASTER SAFE 
__1 
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Table 8.6-2. Serial Coranam? A.cm 
Data Acronym 
1 ARRAY DEPLOY PfASTER SAFE (BACKLP C 
ARM ARRAY DEPLOY PPRO SET 1 (PYROS LA,ZB B 2A,lB) 
FIRE AaRAY DEPLOY PYRB SET 1 (PtlROS 1A,2B & &%,In) 
DEPLOY PYWO SET 2 (P'tXOS 3A,4B L 4A,3B) 
P DEPLOY PYRO SET 2 (PYROS 3 A , 4 B  & 4A,3B)  
ANTENNA BOOM DEPLOY PYRO COMNDS:  
ANTEW DEPLOY W T E R  AB! 
ANTENPZA DEPLOY PIASTER SAFE 
AtTTERNA DEPLOY W T E R  SAFE (BACKUP COMMAND) 
ANTEHHA DEPLOY I-eASTER ARM (BACKUP COEINAFX)) 
RELEASE (UNLlhTCX) PYRO 
P T E  "EaOX E E t E U E  (UIuahTGB) PYRO 
A.Wi GDA U U N C B  LOCK P'IBQ 1 
FIRE GDA rLAU?4CE LOCI: PRtO I 
aapf GDA LAfHCfl LOCK PYRB 2 
FIXE GDA LVJFiCB LOCK PYR'RO 2 
ARN SPAE -'Mi0 
FIRE SPARE PYRO 
ANTEtQ?A J E T T I S O N  PYRO COFMANDS: 
ANTEMtA JETTISON HASTEW ARM 
ANTENNA JETTISON 
ANTEhWi JETTISON 
ANTENNA J E T T I S O N  MCaSTER SAFE (BACKU? C O W D )  
AIM CABLE CitTTER (GUILLOTIBE) PYKO 
FIRE CABLE CUlT?.B (GUXLLOTXFE) PHWO 
FIRE BOOM J E T T I S O N  
ARM SPAPZ PTRB 1 
PfFS SPARE PpIiO 1 
AEY SPARE PITRO 2 
FIRE SPARE PYUO 2 
ARM BOOH JETTISON ( m RELFASE) PYRO 
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Table 8.6-2. S e r i a l  Cornmand Acronym 
PLfflpIS PM-1A PRIMARY LINE HEATER DISABLE 
LHTTHBY PM-1A LIKE WATER THERHOSTAT EYPASS 
RLNHTEN PM-LA ~~~~~T LINE HEATER ENABLE 
RLISHTDIS PM-LA REDUNDANT L E K  HEATER DISABLE 
TKHTTHBY PM-1A TANK HEATER THERMOSTAT BYPASS 
TKKZ"IIHEN PM-1A Till?# HEATER TWERMOSTAT ENABLE 
L H m N  PW1A LINE HEATER TKERMOSTAT ENABLE 
NOTE: PM-LA comands using acronyms are transmitted i n  the  form 
us ing  the  ground test data base. 
t r a n s d t t e d  i n  t h e  form /SCCU,ACROMM. 
/ P M , A k O m  
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Table 8.6-3. Corernand V e r i f i c a t i o n  
Reference rn 
Command Paragraph Prerequi s i t e  Cornplaent V e r i f i c a t i o n  Remark.8 
8.6.1.2 
8.6.1.5 







8.6 .I " 3  
8.6 1.3 
8.6.1.3 
8.6 .I .3 
8.6.1.4.2 
8 .6 .1 .4 .2  
8.6.1.4.2 
8.6-1.4.2 
8 .6 .1 .4 .2  
8.6.1.4.2 
8.6.1.4.2 
8 .6 ,1 .4 .2  
8 . 6 . 1 . 4 . 2  
8.6.1.4.2 
8.6.1.4.2 
8.6 .L .4 .2  
8 . 6 . 1  . 4 . 2  




8 -6.1 a 4 . 2  


















S l H B D I  
S l H B E N  
S l T H E N  
S 1 THBY 
S BHAI) I 
SBHAEN 
S B H B D I  
SBHREN 
S B T E N  
SBTHBY 
W A D L  
t . t w  FZ 
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Refe rence  TLM 










8 e 6 . 1  a4 a 2  
8.6.2.4.2 
a .6 .I .4.2 
8.6.1.4.2 
8.6.1.4.2 
0 - 6  .I .4 .2  
8-6.1.4.2 






8.6 .I .4.2 












8 e 6 e l . 4  -2  
8.6.1 e4.2 























T m F ?  
Tpf%H%Y 
P H 8 A D I  
P H 8 M N  . 











S CTH2 BY 












31 December 198% 
T a b l e  8.6-3 Commend Verification 
R e f e r e n c e  TLM I C o m n d  Pa rag r ap h P r e r e q  ui 8 i ta Comp leme 11 t Veri f i c a t  ion  Rema rks 
I 
8.6.1.4el 










8 .G $1.4 -1 
8 .6.1.4.1 















8.6 .1 .5.2 
8.6.1.5.2 
8 . 6 , l . j  .2 






















P W T E N  
RTf.IlTD LS 
RTKWTEN 
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ADZFIRE 
B D W !  










B J W Y  
Table 8.6-3. Command V e r i f i c a t i o n  
I 
Reference TLM 
Command Paragraph Prerequi s i t e  Complement V e r i f i c a t i o n  Remarks 
t 
8.6.1.5.2 
8 .6  .I -5.3 
8.6  .1.5.3 
8.6 .1 .5 .3  
8 .6  .I .5 .3  
8 .6 .1 .5 .3  
8 .6 .1 .5 .3  
8 .6 .1 .5  -3  
8 .6 .1 .5 .3  
8 .6  .I .5 .3  
8 .6 .1 .5 ,3  
a .G .I .5 .4  
8 .6  .I .5.4 
8.6 .1 .5 .4  
8 .6 .1 .5 .4  
a .6 .1 .5 .4  
a .6 .r  25.4 
8 .6 .1 .5 .4  
8 .6  .L -5 .4  
8 .6 .1 .5 .4  
8 -6 .I .5.4 
8 .6 .1 .5 .4  




















B J m 4  
B J M  
BJRAR?.I 
WMSAF 
B J R S A F  
B m A F  





NO D I R  VER 
UBD €?PIAS= 1 
UBPUMAS=l 
UBDPM&S=l 
U I u D E ~ ~ l  
UBDPMAS=O 
UEDUMAS=O 
U B D P R G = O  
UBDUMAS=O 
l J B D G M l = l  
NO DIP,  VER 
UBDGIH2=l 
NO DTB VEB 
UBD SPAR= 1 
NO D I R  VER 
U B T r n W = l  
UlSJPItAS=l 




U R J W * O  
UBJCCUT=l 
NO D I R  VER 
UBTPYRO=l 
NO D I R  VER 
UBJSPhRL=I 
WO D I K  VER 
LIB.?§ PAR2= 1 
NO D I R  VER 
ON S I D E  
OFF S I D E  
ON S I D E  
O F F  S I D E  
ON S I D E  
O F F  SIDE 
ON S I D E  
OFF S I D E  
NOT USED 
NOT USED 
ON S I D E  
OFF S I D E  
ON SIRE 
OFF S I R E  
ON S I R E  
O F F  SIDE 
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8.6.1 CI)MXA??D DESCRIPTIONS 
This  s e c t i o n  p rov ides  d e s c r i p t i o n s  of t h e  comaad  f u n c t i o n s  us ing  t h e  acronyms 
d e f i n e d  i n  Tab les  8.6-1 and 8.6-2. presen ted  
in S e c t i o n  3.6 and are n o t  a p a r t  of t h i s  s e c t i o n .  
D e s c r i p t i o n s  of ESAM commands are 
I n  the ground test d a t a  base  and s o f t w a r e ,  a l l  comnands desc r ibed  i n  t h i s  
s e c t i o n  are of t h e  form /SCCU,ACROW excep t  PH-LA heneor  c o n t r o l  commands. The 
PM-LA h e a t e r  comnnands are of t h e  f o m  /PM,4CTR3W3. 
kll cormiands d e s c r i b e d  h e r e i n  are a d d r e e ~ n d  t o  RIU 4 ( A  o r  B) and a l l  may be 
e r e c u t e d / d i s t r i b u t e d  There  are no commands d e d i c a t e d  by e i t h e r  t h e  A o r  B RIU. 
t o  R I U  A o n l y  OP R I U  B only. 
8.6 .1 .1  R I U  4 Cont ro l  
The SC&CU RIU's (RIU 4A and 4B) are connected i n  9 redundant c o n f i g u r a t i o n  such 
t h a t  e i t h e r  can provide communication between t h e  CU and t h e  S C L C U ,  PM-18, and 
ESAM subsystems v i a  t h e  Mul t ip l ex  Data Bus (MDE). An R I U  has  t h r e e  modes: Of f ,  
Standby 1, and Standby 2 ( f u l l  on). In a l l  rnciees, t h e  power c o n v e r t e r s  i n  bo th  
RIUo are 08 and bo th  of t h e  MDB redundant uupea-isnry Line p a i r s  rrre 
eont inuoualy  mani tored  by :he R I U s .  
I n  normal o p e r a t i o n ,  one R I U  w i l l  he in t h e  Standby 2 s t a t e  and I t s  ma& will he 
i n  t h e  Off state.  When power i s  r e s t o r e d  a f t e r  i n t e r r u p t i o n ,  both will assune 
t h e i r  p r i o r  s t a s e s .  In o r d e r  t o  a c t i v a t e  t h e  a l t e r n a t e  R I U ,  i t  i s  necessa ry  t o  
a d d r e s s  two commands, SRIUEN and RIUSB2, t o  t h e  o f f  R I U .  SRIUEN causes  an  Off 
R I U  t o  assume t h e  Standby 1 s t a t e .  In t h i s  mode i t  can only accep t  d i s c r e t e  
commands. RIUSB2 is  t h e n  s e n t  t o  t h e  same R I U ,  which causes  i t  t o  assume t h e  
Standby 2 ( f u l l  on) s t s te  and s imul t aneous ly  p l a c e  its mate i n  t h e  Off state. A 
backup mate Off command, MFtIUDI, i n  p rovided  i n  t h e  evec t  RIUSB2 f a i l s  t o  p l a c e  
t h e  mate R I U  i n  t h e  OZf state. MRIUBI should be addressed on ly  t o  a R I U  i n  t h e  
Standby 2 a t a t e ,  and n e v e r  t o  one i n  t h e  Standby 1 state. The l a t t e r  c o n d i t i o n  
w i l l  r e s u l t  i n  one R I U  Off and t h e  o t h e r  i n  Standby 1 causing loss  of RIU 4 
t e l eme t ry  d a t a  i n  t h e  realtime t e l e m e t r y  d a t a  stream. The CU r e q u i r e s  a f u l l  on 
R I U  t o  a c q u i r e  t e l e m e t r y  d a t a  v i a  t h e  MDB. 
8 -6.1 *2 SCdCU Power Con t ro l  
-- 
--
Orle of t h e  redundant s i d e s  of t h e  SC&CU is  always powered whenever t h e  
spacecraft is powerdl  The on side in detcrzined by one of t h e  two mutually 
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Figure 8.6-1. SC&CU Power Control and Pyro Enable 
Commands 
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SCUAON t u rn6  on ehe A side power cocverter and sirratltaneously t c r n s  of€ the I3 
s i d e  power c o n v e r t e r .  The A c o n v e r t e r  p rov ides  5 V(h) l o g i c  poser to all o f  t h e  
A s i d e  circuits and 25 V(A) pwer t o  &ll A s i d e  c i r c u i t s  w i t h  the: e x c e p t i o n  t h a t  
25 V(A) power t o  t h e  pyro c o n t r o l  c i r c u i t s  is c o n t r o l l e d  by pyro e n a b l e / d i s a b l e  
commands (AP'IIREN/APYRDI) as a s a f e t y  i n t e r l o c k  (see Paragraph 8.6.1.5). 
SCUBON t u r n s  on t h e  B s i d e  power c o n v e r t e r  and airmiltaneously t u r n s  of f  t h e  A 
s i d e  pcwer conver t e r .  t h e  
B side circui ts  as d e s c r i b e d  i n  t h e  preceding  paragraph  f o r  t h e  A s i d e .  
There is no SCdrCU O f f  command. E i t h e r  t h e  A or B s i d e  i n  commanded on,  n o t  
both.  Te lemet ry  v e r i f i c a t i o n s  f o r  t h e s e  commands are ob ta ined  from t h e  monitors  
The 5 V(B) and 25 V(B) potreh o u t p u t s  are provided  to 
UBOFFAON and UAOFPBON. 
8 -6.1.3 Madule Heater Con t ro l  
The SC&CU module c o n t a i n s  Eour h e a t e r s ,  con f igu red  r edundan t ly ,  w i t h  two h e a t e r s  
on each of two i d e n t i c a l  c i r c u i t s .  Each c i r c u i t  c o n t a i n s  two r e s i s t i v e  12.5 
w a t t  h e a t e r s  c o n t r o l l e d  by 8 mechrinicel t h c m o n i a t .  Dfscrefx commands p r o v i d e  
power enable/disable an6 themascat. bypa35lenaDle con t ro l  i o r  t h e  h c ~ t e r s  as 
shown in F i g u r e  8.6-2. These c o m n b s ,  l isted belaw,  are tcdependent of which 
a i d e  of t he  SChCU is OR. Telemet~y verif icatfcno are obtaiiled froa the monitors 
UHTRAED, UfSTRBED, UTETA3E and UTiI'UBEI 
H e a t e r  A Beater B Funct ion  Co-nded 
-__1 __I- 
ENAHTA ENAHTB Enable h e a t e r  power 
DISHTA DISXTB Di sab le  h e z t e r  power 
BYPTHA BYPTKB Bypass heater t h e m s t a t  
E N A m  EEATHB Enable h e a t e r  t h e m s t s t  
f, SD-CIPC-2 6 3 
S-2L 
. -  
FUSED 9 







Figure 8 . 6 - 2 .  SC & CU Module Ifeater Contzoi 
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8.6.1.4 E x t e r n a l  Reater C o n t r o l  
The SC&CU provtdes power and c m a n d  c o o r r o l  f o r  the f3,lloxifng 
loeared external t o  t h e  SC&CJ m d u l e .  
h e a t e r  c i r c u i t s  
1. 6 nowredundan t  XMS s t r u c t u r e  h e a t e r  c i r c u i t s  
2.  
3.  
8 payload h e a t e r  c i r c u i t s ,  each w i t h  priliaasy axxi redundant  hea te r s .  
2 PI$-lA h e a t e r  c i r c u i t s ,  each wi th  p r h a r y  and redundant h e a t e r s .  
Heater l o c a t i o n s  a r e  provided i n  Sec t ion  19.0 of t h i s  amual. Heater c o n t r o l  
commands are serial d i g i t a l  conrmands which are d i s t r i b u t e d  by e i t h e r  RIU t o  both 
s i d e s  of t h e  SC&CU. Relays and l o g i c  on t h e  SCGCU A and B s i d e s  are conf igured  
so tbt  whichever s i d e  is on w i l l  execute  rhe  corramands. F i g u r e  8.6-3 p r o v i d e s  Q 
f u n c t i o n a l  diagram of t h i s  t ype  c o n f i g u r a t i o n  for one complementary c 
p a i r .  All h e a t e r  conmrand p a i r s  o p e r a t e  in t h e  same rnznner as i n d i c a t e d  i n  
F igure  8.6-4(a). The s i m p l i f i e d  diagram of F i g u r e  8.6-4(b) i l l u s t r a t e s  c o m n d  
f u n c t i o n s ,  whether o b t a i n e d  from R I U  A o r  I) o r  from S C & a  A o r  B. 
8-6.1.4.1 W S t r u c t u r e  Heater Cont ro l  
These &re 6 M s t r u c t u r e  heater circuits d e e i g m t e d  spacecraft heaters 3 
i s  represented by Figure 8.6-4 with the r e d m h n t  beater and li2 cone act^ 
de le t ed .  The corrmands associated with these heaters are listed below. 
Telemetry v e r i f i c a t i o n s  € o r  t h e  commdds are presented  i n  Tabhe 8.6-3 .  
through 6. Each < . i r c u i t  C O n S i S ~ 6  of UZE h~ater and B mCkL3niC8h tht?~m~)Btat ,  and 
S I C  Heater E e a t e r  Tfuns tat Z'ho?s t a t  
Rezter  Enable D i s a b l e  Enable Bypass 
1 SC?-IlEN SCIilDI SCTHlEN scm1B-f 
2 SCIIZEN SCH2DX SCTH2EZ scTEI2 BY 
3 SCE3EN ScH3DI SCTE3EN SCTmBY 
- -  
4 SCElGEN SCa4DI SCTII4EN SCTE4 BY 
5 SCE5EN SCEISDI SCl'HSEN SCTHSBY 





















IKPUT S = SET COIL 
i? = RESET COIL 
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8.6.1.4.2 Payload Heater C o n t r o l  
The SCBGU prov ides  power an2.cooanands f a r  8 h e a t e r  c i r c u i t s  payload 
bearers L through 8. Seven of the cantrol  circuits are * ~ e c d  for  h e a t e r s  08 t h e  
f.r&isniczent m5dulc. The e i g h t h  is a s p a r e  which is aot ' ~ ~ e d ,  e l though  the 
cclmmands and t e l e m e t r y  v e r i f i c a t i o n s  exist within t h e  SCCCTJ. 
Each payl'oad h e a t e r  c i r c u i t  c o n s i s t s  of a p r i a a r y  a d  redundant h e a t e r  s h a r i n g  a 
c-n the rmos ta t  as showu t o  F igure  8.6-4. The h e a t e r s  have been s i z e d  so t h a t  
one of t h e  redundant h e a t e r s  w i l l  provide t h e  necesriery h e a t i n g  w i t h  t h e  o t h e r  
h e a t e r  as a backup. Thus, when h e a t  is r equ i r ed  in a s p e c i f t c  area, t h e  h e a t e r  
c o n f i g u r a t i o n  should be primary h e a t e r  enab led ,  redundant h e t t e r  d i s a b l e d ,  and 
h e a t e r  themostat enab led -  
Payload h e a t e r  c o n t r o l  c i r c u i t s  1 through 7 i r e  connected t o  h e a t e r s  i n  t h e  I) 
frzstmmeut module in t h e  oPdes listed i n  Table 0.6-2 under Payload Heater 
C o m n d s .  The c o m a n d s  r e q u i r e d  €or  h e a t e r  c o n t r o l  ,art? l i s t e d  beiow. Payload 
hcster c o n t r o l  c i r c u i t  8 is not  connected t o  any  h e a t e r s .  














8 . 6 . 1 . 4 . 3  PM-LA Keater Con t ro l  
The SC&CU p rov ides  power and comaads f o r  two h e a t e r  c i r c u i t s  on t h e  PH-ZA 
auxiliary t a i l  kit of the MMS propu l s ion  modulec Each c i r c u i t  coakists of a 
prinunry and redundant, h e a t e r  sharing a cornu mechanFca1 t h e m s t a t  as shorn in 
Figure 8.6-4. Orie h e a t e r  c i r c u i t  provfdes heat t o  the PM-IA fuel t a n k ,  a8 
r equ i r ed .  The o t h e r  h e a t e r  c i r c u i t  provides  h e a t  t o  the  PM-LA fuel lines. The 
commands r e q u i r e d  f o r  h e a t e r  control are l i s t e d  below. 
I 
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8.6.1.5 Pyro techn ic  C i r c u i t  Con t ro l  
1%. SCbm prov ides  c ~ ~ l m a n d  c o n t r o l  and power Pot  a l l  s p a c e c r a € t  
EACA d e v i c e  c o n t a i n s  two br idgevbrcs ,  p r l ~ ~ ~ p  (A) and r e d u n h a t  ( 8 ) .  F f r i n g  of  
either t h e  A or E b r idg9wi re  cause5 rhe dev ice  to  fire. 
pyro dev ices .  
nd conttol by RIU commands is accolnaplished by f u n c t i o n a l  groups in t h e  
SCbGU. The groups are: s o l a r  a r r a y  deploy  pyros,  antenna deploy pyros,  and 
antenna Each group is  provided w i t h  mriter arm and master s a f e  
func t ions .  The mtaster safe f u n c t i o n  p l a c e s  a l l  pyros in t h e  group i n  a s a f e  
cond i t ion .  The m a t e r  arm f u n c t i o n  l a  an  enab le  functl ion t o  provide i n d i v i d u a l  
arming and f i r i n g  c a p a b i l i t y  f o r  each pyro in the group. 
j e t t i s o n  pgrros. 
8 .fie 1.5.1 B r e r a q u d s i t e  Comntands 
Pyro d e v i c e s  rxay be armed and f i r e d  from either t h e  SCbm A s i d e  o r  B s i d e ,  
whichever is on. The antenna dep loy  and j e t t i s o n  d e v i c e s  are conf igu red  such  
that primary b r i d g e v i b e s  are a m e d f f i r e d  by t h e  A s i d e  and redundant b r idgewi res  
by t h e  B s i d e .  The s o l a r  a r r a y  deploy  dev ices  are conf igu red  such that a l l  
b r idgewi res  are a m e d f f i r e d  by e i t h e r  s i d e  of t h e  SCbCU. 
Figure 8.6-5 P l L u a t r a t e s  ftmCtiGlbal& the re lay cw.,,~g:iLration r e q u i r e d  t o  a m  
and fire OW pyro d e v i c e  R’ f a  a f u n c t f o e d  ~ T O U ’ E ) .  Thha Eollowirig deserfptfan 
a p p l f a  to pyro c o n t r o l  from the  SGhCU k s i d e .  Con t ro l  frm t h e  B side i 5  
i d e n t i c a l  
The i n i r i a l  requirement fo r  f i r i n g  pyros front ths A a i d e  is S@UAON t o  p rov ide  4-5 
V(A) end i-25 V C A )  secondary  v o l t a g e s .  The +5 V p rov ides  l o g i c  power f o r  t h e  A 
s i d e  serial c o m n d  decoder  and pyro c o n t r o l  circuits. The 4-25 V p rov ides  r e l a y  
c o i l  power f o r  t h e  pyro arm and f i r e  r e l a y s  of F igu re  8.6-5. Tile 4-25 V c o i l  
power 1s o n l y  a v a i l a b l e  when t h e  A s i d e  pyros e n a b l e / d i s a b l e  r e l a y  i i i  :;*?bed i n  
the enab le  p o s i t i o n .  The re fo re ,  APYREN is t h e  Gecond requirement .  
LSD-WPC-263 
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The w a t e r  arm/safe l a t c h i n g  r e l a y  (0 in t h e  f i g u r e )  r e q u i r e s  both  SCUAON and 
APYI?EN t o  operaee. A 13a8ter arm cormand seta K9 and providers +25 V c o i l  power 
t o  one s i d e  of t h e  am and fire relay c o i l s  f o r  pyro N,  and t h e  
high (4-28 V) s i d e  of t h e  pyto bus t o  t h e  nanaally open c o u t a c t s  of t h e  pyro N 
f l r e  r e l a y .  The ARM N command provides  a moaentory ground t o  one side of t h e  
c o i l  o f  non-latching r e l a y  K2. When K2 o p e r a t e s ,  one set of i t s  c o n t a c t s  is 
used t o  hold i t  c losed  and a n o t h e r  set connects  t h e  pyro bus r e t u r n  t o  oue s i d e  
of t h e  pyro N br idgewire .  As e v i d e n t  f r o  g u r e  8.6-5,  t h r e e  Fr@-condi t ions 
are required i n  o r d e r  t o  execu te  t h e  ARM N c nd. These  are: S C & a  A must be 
on, A a i d e  pyros must be  enab led ,  and a -step a m  comreaand must have been 
executed.  Rem0v.d of any one of  t h e  t h r e e  c o n d i t i o n s  will cause K2 t o  drop o u t  
(by removing +25 V coil. power> which will place K2 i n  t h e  s a f e  cond i t ion .  This  





The FIRE N cmmand r e q u i r e s  all. t h e  pre-condi t ions  f o r  t h e  ARM N command plus 
execut ion  of t h e  ARM N cornmnd in o r d e r  t o  f i r e  pyro N. The FIRE N command 
o p e r a t e s  non-latching r e l a y  K1 caus ing  t h e  h igh  (t28 V) s i d e  o f  t h e  pyro bus t o  
be connected through a f u s i s t o r  t o  one s i d e  of t h e  pyro N b r idgewi re  f o r  t h e  
d u r a t i o n  of t h e  fire pu l se .  S ince  t h e  o t h e r  s i d e  of t h e  br idgewire  had been 
coimeeted t o  t h e  pyro bus r e t u r n  by the N cmm-Eld, the brddgewira will f ire  
causing p y m  N t o  f i r = .  
Figure 6.6-6 is a l o g i c  diagram using PdB gates to indieare prerequisites f o r  
f i r i n g  of individt-ral pyro d e v i c e s  w i t h i n  61 group., Xf t h e  output  of any gate bs 
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8.6.1.5.2 
The stowed s o l a r  a r r a y  is secured by f o u r  r e t e n t f o n / c c l e a s c  pyr" devices, d u r i n g  
launch. Loca t ions  of t h e  d e v i c e s ,  d e s i g n a t e d  a r r a y  deploy  pyros I through 4 ,  
are shorn  i n  F i g u r e  8.6-1. The SCbW is  coaflgured t o  f i r e  t h e  pyros,  before 
the a r r a y  is deployed, i n  two sets. The pr imary  and redundant b r idgewi res  of 
pyroa and 2 a r e  f i r e d  aa set 1, and t h e  primtnry and redundant b r idgewi res  of 
pyros 3 and 4 are f i r e d  as set 2. E i t h e r  OK b o t h  set13 way be f i r e d  from either 
t h e  SGCU A s i d e  or B s i d e ;  t h e  tiam br idgewi res  are f i r e d  from bo th  s i d e s .  For 
t h e  folilowing command d e s c r i p t i o n s ,  SWAON and APP'YBEN a te  p r e r e q u i s i t e s  € o r  
awing and f i r i n g  from the A s i d e ,  and SClJBOM and BPYREN are p r e r e q u i s i t e s  € o r  
arming and f i r i n g  from t h e  5 a ide .  
The a r r a y  deploy  pyro group master arm f u n c t i o n  is provided by e i t h e r  of  the 
c c r m n d s  N 3 M  ~ n c !  A D W ? ,  where ADRARM is  a backup command f o r  u s e  i n  the 
even t  t a D W  f a i l s  t o  execu te .  Both commands perform t h e  s a  f u n c t i o n ,  s e t t i n g  
r e l a y  K9 i n  F igu re  8.6-5,  
S o l a r  Array Deploy Pyro Commandti 
I 
The master s a f e  f u n c t i o n  is provided  by e i t h e r  of t h e  commands ADMSAF and ADRSAF 
(backup safe colmnand) where e i t h e r  command resets a ,  p l a c i n g  a l l  arm r e l a y s  i n  
the group in t h e  safe condition.. 
ADkiaRM p rov ides  thc arm futnztion f o r  eke priwxcy and redlxndanr. Lrldgewires a5 
array deploy pyros 1 acd 2 as descr ibed f o r  ehe ARM N comaand i n  Paragraph 
8.6.1.5.1, and hll31FIRE c m m s  the four bridgewires to f i re  the pyros. 
Sitni lar l j r ,  AB2AF.M prov ides  t h e  am funct ion  f o r  t he  fou r  br idgewires  of pyz-03 3 
and 4 ,  and AD27IRE cauaes  t h e  f o u r  b r idgewi res  t o  f i r e  t h e  pyres. Both f i r e  
commnds a r e  r e q u i r e d  t o  release t h e  a r r a y  r e t e n t i o n  dev ices  p r i o r  t o  deploying  
t h e  s o l a r  a r r a y .  
F igu re  8.6-8 3c1 a l o g i c  diagram i n d i c a t i n g  p r e r e q u i s i t e s  €or f i r i n g  t h e  a r r a y  
deploy pyroe. The diagram i l l u s t r a t e s  t h a t  a l l  pyros cezl be f i r e d  from e i t h e r  
t h e  SChCU h or B s i d e .  
LSD-WPC-26 3 
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The senwed TDRSS antenna  boom is seeu rcd  dur-lng l aunch  by a retcntionlrelease 
pyro d e v i c e  i d e n t i f i e d  as t te  boom unlatzcfi p y r ~ .  En eddbr ion ,  the antenna 
gimbal d r i v e  assembly (GDA) is w c u r e d  by two devices i d e n t i f i e d  8s GDA launch 
lock pyros 1 and 2. The boom u n l a t c h  pyro must be f i r e d  t o  a l l o w  deployment of 
t h e  an tenna  boom, and the GDA launch lock pyros must be fired t o  release t h e  
antenna gimbal assembly be fo re  i n i t i a t i n g  an tenna  p o s i t i o n i n g  maneuvers. The 
primary br idgewfres  o€ each pyro d e v i c e  can be f i r e d  only from t h e  SChCU A s i d e ,  
and t h e  redundant b r idgewi res  only frorn t h e  SCLCU B s i d e .  SCUAON and APYREN are 
p r e r e q u i s i t e s  for a r ; e l n g / f i t i n g  p y ~ 0 8  frorn t h e  A s i d e ,  and SCUBON and BPYREN are 
p r e r e q u i s i t e s  for a r m i n g l f i r i n g  from the B s i d e .  
The master arm f u n c t i o n  f o r  t h e  antenna deploy pyro group is provdded by e i t h e r  
t h e  BDMhRM OF BDXUlRM command, where B D W f  is a backup eo nd f o r  u s e  i n  t h e  
event  B D W  does n o t  execute .  E i t h e r  command Bets r e l a y  ICq i n  F i g u r e  8.6-5. 
The master s a f e  functdon is provided by e i t h e r  t h e  BDtiSAF o r  BDRSAF (backup 
safe) command which resets K9, p l a c i n g  a l l  arm r e l a y s  i n  t h e  group i n  t h e  s a f e  
c ond i ti on. 
BUXLhR4 prov ldes  the a m  f rmct tan  fur cixe bridgevfre aE t h e  boom unla tch  pyro as 
desc r ibed  f o r  t h e  A&Y N c o w r i d  in Parngrzph 8.6.1,5.W, acd BU?PIT?.E CBCSCS tke 
br idgewire  t o  f i r e  the pyro. S i d Z a p 3 y ,  CI%,.4.R:! and G M i P I Z  arm and f i ~ e  GDA 
Launch lock pyro 2 ,  and GEf'Zl&f and GI?121'2PLE a n  and fire Gila Lauzich l o c k  pyro 
2.  The antenna deploy pyro  g r ~ u p  has prov i s i cns  f o r  control. of a apere pyrc 
dev ice  which i s  not  connected on Landsat b u t  t h e  co ands, BSPARM and BSPFEE,  
can  be executed by t h e  SCLCU. 
F tgu re  8.6-9 i s  a l o g i c  diagram i n d i c a t i n g  p r e r e q u i s i t e s  f o r  f i r i n g  t h e  antenna 
deploy pyros.  Note that primary (A) b r idgewi res  are f i r e d  from the  SChCU A side 
and redundant b r idgewi res  from t h e  B s i d e .  
L S D - W C - 2 6 3  
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8.6.1.5.4 Antenna J e t t i s o n  Pyro Comrcands 
The TDRSS antenna  boom w i t h  i t s  appendages cai be j e t t i s o n e d  i n  p r e p a r a t i o n  f o r  
recovery of t h e  s p a c e c r a f t  by t h e  Space S h u t t l e .  Mechanical and electrical 
s e p a r a t i o n  of t h e  boom from t h e  s p a c e c r a f t  io accomplished by a p y t o  d e v i c e  
i d e n t i f i e d  as t h e  boom j e t t i s o n  pyro. Wires t o  t h e  GDA launch l o c k  pyros 
(Paragraph 8 -6  -1.5.3) are n o t  routed  through t h e  boom disconnect  connector  i n  
o r d e r  t o  a s s u r e  t h e  s a f e t y  and i n t e g r i t y  of t h e s e  devices .  These wires must be 
severed ,  p r i o r  t o  f i r i n g  t h e  boom j e t t i s o n  pyro, by t h e  cable c u t t e r  pyro 
device .  
The master arm f u n c t i o n  f o r  t h e  an tenna  j e t t i s o n  pyro group is provided by 
e i t h e r  t h e  BJMARM o r  BJRAaM command, where B,SRAEY i s  a backup command f o r  use  i n  
t h e  e v e n t  BJMARM f a i l s  t o  execute .  E i t h e r  command sets r e l a y  K9 i n  F igure  
8.6-5. 
The master s a f e  f u n c t i o n  is pravided by e i t h e r  !:he BJMSAF o r  WRSAF (backup 
safe) comaand which resets K9, p l a c i n g  a l l  ann  r e l a y s  i n  t h e  group i n  safe 
condi t ion .  
t h e  
CCIJTNU4 provides  the a m  f u n c t i o n  f o r  one b r i d g e u i r e  of t h e  cable cutter pyro 3s 
descr ibed  f o r  t h e  ALli N command in Paragraph 8.6.1.5.1, srtd CCUTFIE c a u s e s  t h e  
pyro t o  f i re .  These conrmznds should be execcteec! before  amdng and fLr ing  the 
boom j e t t i s o n  pyro. JETARH arid JETFIRE: arin and f i r e  t h e  horn j e t t i s o n  pyro 
i n i t i a t i n g  s e p a r a t i o n  of t h e  antenna boom from the s p a c e c r a f t .  The antenna 
j e t t i s o n  pyro group has  p r o v i s i o n s  f o r  c o n t r o l  of two s p a r e  pyro d e v i c e s  whlch 
are not  connected on Landsat  b u t  t h e  commands JSPLARM, JSPlFZRE, JSP2ARM and 
JSPZFIRE can  be executed by t h e  SCLCU. 
Figure  8.6-10 is a l o g i c  diagram i n d i c a t i n g  p r e r e q u i s i t e s  f o r  f i r i n g  t h e  antenna 
j e t t i s o n  pyros.  Note t h a t  p r i m r y  br idgewires  a r e  f i r e d  from t h e  SC&CU A s i d e  
and redundant br idgewires  from t h e  B s i d e .  
8.6.1.5.5 R a r d l i n e  J e t t i s o n  Cont ro l  
Recovery of t h e  Landsat s p a c e c r a f t  by t h e  Space S h u t t l e  r e q u i r e s  t h a t  che T3RSS 
antenna boom and the solar a r r a y  be j e t t i s o n e d  from t h e  s p a c e c r a f t .  The. S h u t t l e  
i s  equipped t o  f i r e  t h r e e  j e t t i s o n  pyro devices  v i a  a t a n d s a t / S h w t t l e  i ? t e r f a c e  
connector .  The t h r e e  d e v i c e s  a r e  t h e  c a b l e  ctrteer and boom j e t t i s o n  pyros 
(Paragraph 8.6.1.5.4) and a s o l a r  a r r a y  j e t t i s o n  pyto.  
These h a r d l i u e  j e t t i s o n  c o n t r a 1  s i g n a l s  are routed through r e l a y s  ir. t h e  SC&CU 
t o  t h e  pyros. Each pyro is i n d i v i d u a l l y  f i r e d  -by t h e  S ~ U C P - ~ C ?  by e i t h e r  c4 
prfnsry f i r e  s i g n a l  which f i r e s  t h e  pyro priraary br idgewire ,  or a redundant  fire 
s i g n d  which f i r e s  t h e  redundant  br idgewire .  F i g u r e  8.6-11 Is CI s i m p l i f i e d  
schematic  d e p t c t i n g  a t y p i c a l  h a r d f i n e  j e t t i s o n  s i g n a l  i n t e r f a c e  f o r  one pyro 
device .  
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The solar tarray jetttison pyro Can only h fired by t h e  Shuttle. Thi 
nt jettisoning of t ray by 5piacecranfc co 
b e  catastrophic t o  t h e  Lands 
L sn- w): c - 2 b 3 

8.6.2.2.2 Antenna Deploy Pyros 
- If SCbGIJ A be on 
AETREM - If sc&m B i s  on 
B P W N  
BD or B D W  
. BUr?LARPi 
BUNFIRE 
BDMSAF or BDRSAF - I f  SC&CU A I s  on 
APYRDI - I€ SCLCU B i a  on 
B P W I  - Deploy TDRSS antenna boom 
After the boom is  deployed: 
I 
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- If SCdCU A is on 
AFYREN - If SGdCU B i s  on 
B P W N  





BDMSAF or 5DRSAF - If SCdCU A ib on 
ABYRDI - If SCLCU R i s  on 
B P W  I 
TDRSS antema posit ioning maneuvers can now be i n i t i a t e d .  
L S D-’WC-2 6 3 
8-4b 
8.6.2.2.3 Antenna Jettison Ppros 
- If SChCU A i s  on 
Azwu?.N - I€ SChCU B is on 
BPYREN 





BJMSAF or BJRSAF - If SCWU A is on 
APYRDL - If SC6rCU B is on 
BPYRD I 
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8.6.3.1 S e z i a l  %ni tude  Comand R e s t r a i n m  
The t h e  between e x e c u t i o n  of SC&CU serial comanda should be 128 m i l l i s e c o n d s  
o r  g r e a t e r .  
8-6.3.2 CO and R e s t r a i n t s  
Pyras  will n o t  f i r e  u n l e s s  a l l  p r e r e q u i s i t e s  are s a t i s f i e d .  The command 
sequences i n  Paragraph  8.6.2.2 have been chosen t o  e n s u r e  t h a t  p r e r e q u i s i t e  
commands are executed in t h e  c o r r e c t  o rde r .  
When j e t t i s o n i n g  t h e  TDRSS antenng boom, t h e  c a b l e  c u r t e r  pyro should ba f i r e d  
b e f o r e  t h e  bocm j e t t i s o n  pyro is f i r e d .  
8.6.3.3 R I U  R e s t r a i n t s  -
The backup mate o f f  command (PIRIUDI) should be addressed onlp t o  a RXU i n  t h e  
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Operat ion of t h e  SCdCU is  monitored v i a  32 t e le  try ctiannele from RXU 4 of 
which Q &re n c t i v c  analog, 9 are passive (condi t ionad)  enitlog r e q u i r i n g  n 1 
mill iampere SOUKCB from t h e  RIU, 10 are h i l e v a 1  d i g i t a l ,  and 9 are serial  
dig f  t a l .  I n  a d d i t i o n ,  R I U  4 provides 16 nct.ivs 82:MlOg chnnnclr  f o r  ESAN 
t e lemet ry  func t ion ,  and 1 actrial d i g i t a l  and 13 p ~ 1 ~ s i v a  analog chnnneh f o r  
PEI-IA t s l emc t ry  func t ions .  
All t@lenn!try monitors  ore l i s t e d  i n  Table 8.7-1 hy func t ion  name and acronym. 
The ESAM and PM-LA monitors  ore incliided Cor in format ion  only.  Dasc r ip t ions  for 
those  func t ions  are prov ided  i n  Sec t ions  3 . 7  and 7.7 r e s p u c t i m l y .  
I n  Tabla 8.7-1 s ignal  t y p e s  are des ign r t ad  A 1 . N  fo r  ac.tivo ana log ,  PASS f o r  
passiva ana log ,  S for s e r i a l  d i g i t a l ,  and B f o r  b l l a v a l  d i g i t a l  func t ions .  The 
numbers a s s o c i a t a d  wi th  t h e  S end i3 no ta t ions  fnr l icnte  b i t  tmuhara of t h e  8-bit 
d i g i t a l  word (where b i t  0 f5 the  MSB) .  SMPL RAT6 Refinos tha number of times a 
func t ion  i s  anmplrd i n  R t e lemet ry  a q j o r  frnma. Telaraatvy W t K i X  l o c a t i o n s  f o r  
u l l  f u n c t i o n s  a r e  t h e  same i n  both the MFssioa and Engineering telernacry 
f o m 2  t 8 .  
Tolcmetry func t ion  deoc r lp t ions  arc2 shown i n  Paragraph 3.7.1 and 3.7.2; 
telcnccry d e r i v a t i o n  c f r c a f t a  f o r  s u l s c t e d  functions 81'0 presented  i n  Parngrapt. 
8 . 7 . 3 .  
8 . r e  1 ANALOG TELFJIETWY MINCTION!: 
The SC6C11 u t i l f z r c .  13 antilog trlencsery ch;rnnelr o f  which 9 are p n a n i v ~ ,  ouCpuCt2 
p r ov i d i ni: t c my c f a 3  t u  r c i nd i c a e i on B . F B tp R 1 v a n ns 1 o I.\ out  pu t 8 a e@ tin p o w  e r rt d b XCB p t 
duritQ g n m p l f n g ,  a t  which time tho  R I U  provides B 1 a i l l i m p o r e  current @ourcis 
t o  t h e  pasoiva  channel  a s  t h e  output  is sampled. Actiurc analog channels  nrt? 
cnerg izcd  by t h e  SCBCll powor supp l i e s ,  r a t h e r  than  the  R I U .  
T h i s  s e c t  ion presen t s  analog telemetry Jaacripc ians  wlra t he  acronym$ i n  Tabla 
8.7-1. Where poasfble ,  monitors  h a v ~  heen co l loc t ed  i n t o  func t ione l  groiips f o r  
C B R O  i n  unders  tasndiw . 
Qparat inK l i m i t s  appear i n  Tabla R.7-2. Tha llmite shown were m l e c t o d  for 
warnint: o f  p o t e n t i a l  prublcxz:i dur ing  ground t e a t  rpnvironruc:rts. I n  o r h i t n l  
o p e r a t i o n ,  ehe t e lemet ry  func t i cns  S!IO:;L~ ratwin well w i t h i n  the..@ l i a i i t a .  
Telemctry terrvir t ion c i r c u i t e  f o r  selected unnloff functionrr a r ~  presented  i n  
Parsgraph 8.7.3. For i : \ i a m i t i c i i  r v g n r d i w  c a l i b r i t i o n  ciirvtls for ttra 
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UTSCCU S I C  ON 0 TO 35 REG C 
W l W  S I C  0:d 5 TO 30 DEG C 
U T 2 m  s/c ON 5 TO 30 DEG C 
UT3W s/c ON 5 TO 30 CEG c 
U T 4 H  S / G  Obi 5 TO 30 DEG C 
UTSHFSS S I C  ON 5 TO 30 DEG C 
s/c ON 5 TO 30 DEG C UT6kIM.S _. 
UTRIUA S I C  ON 0 TO 35 DEC C 
UTRIW S I C  ON 0 TO 35 .DEG C 
USVAPWR SCUAQN 5-0 TO 5.5 VOLTS 1 u5vAPwR SLXBOB 0.0 TO 0.9 VOLTS 
u2 5vAPw SCUAON 24.5 TO 26.5 VOI ';s 
U5VBPwR SCUBOEJ 5.0 TO 5.3 VOLTS 
USVIIkwR SCtJAON 0.0 TO 0.9 VOLTS 
C25VBPW SCUBON 24.5 TO 26.5 VOLTS 











F I G U R E  8.7-1. +5V TELEPIETRY DERIVATION 
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t3.?*1.1 Power Converter Voltage Honitors 
--I__ 
8.7.1.2 Internal T@~tyerw~ura Monftore 
UTSCCU - SC&CU mduic  teaperatura 
U W U A  - S U  4 A  temperature 
UTIU;UB - RTU 4 B  teetperature 
e emc ture Stx tmperature seneors, UTl!QB through IYTWiEi, are locrated on the  
t o  indicate  spacecraft structure teuperwtures. Shunt readstors are provided 
wi th in  the  SCCCU for e ch therdereor, as cfiom in Figure 8.7-4, to coadition the 
signals for RXU t e l cae try  charnel fxp~ts. 
i 8-54 
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8 -7 $2 DIGITAL TELEHETRH FUNCTXOHS 
The SCbCU d i g i t a l  m o d t o r s  provide  co nd v c r P f f c a t f o a  and eulagsteri 5cat 
idommeion .  T h i s  eection preeents d i g i t  telemetry descriptiona W%J t I 
acronyms in Tab le  8.7-1. 
groups  for ease i n  unders tanding .  
Where p o s s i b l e ,  moni tors  are c o l l e c t e d  i n t o  f u n c t i o r d  
8.7.2.1 B i l e - ~ l  D i g i t a l  T e l m z t r y  
Bilevel f u n c t i o n s  are u t i l i z e d  t o  v e r i f y  S C h m  8 t a t u S  r e s u l t i n &  from 
execu t ion  of d i s c r e t e  commands. Power f o r  t h e s e  monitors ,  w i th  the excep t ion  of 
the RIU s t a t u s  i n d i c a t o r s ,  is  der ived  from t h e  Standby 2 v o l t a g e  (4-5.3 V) 
gene ra t ed  by t h e  R I U  which is on, and is icdependent  of which s i d e  of t h e  S C X U  
is on. The t e l e n e t r y  d e r i v a t i o n  c i r c u i t ,  shown i n  Figure 8.7-5, u s e s  c o n t a c t s  
of t h e  l a t c h i n g  r e l a y s  c o n t r o l l e d  by t h e  d i s c r e t e  coms8mde t o  change the hilevel  
state e 
t e l eme t ry  
UBOPFAON 0 = SCQCU h off 
1 SCdCU A on 
UkOQFEOM 0 * ScdCU B off 
1 SCBCU B on 
8.7.2.1.2 Pyro Enable /Disable  S t a t u e  Monitors  
UASFPRB) and UBSPYRED Pndicate ehe s t a t u s  of ",he pyre e n a b l @ / d i s a b l e  l a t c h i n g  
r e l a y s .  Pyroe can not  be  fired from t h e  SCGCU A s i d e  unless t h e  A s i d e  pyroa 
ere enabled.  Conversely,  pyros  can not be %%red from t h e  ScdCU B side unless 
t h e  *B s i d e  pytos are enabled. Both sidee should be d i s a b l e d  when no pyra 
firings are being executed .  The monitors are decoded aaa fol lows.  
UASP- 0 = A s i d e  pyres diaabled 
1 = A s i d e  pyros enabled  
uFIS?'PFXD 0 0 B s i d e  pproa d i sab led  
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8 .7 .2 .1 .3  SCdCU Heater S t a t u e  Kcn i to re  
The s t a t u s  o f  the l a t c h i n g  r e l a y s  which c o n t r o l  t h e  SG&CU Baodule.pr 
redundant (Bl h e a t e r s  is i n d i c a t e d  by t h e  monitors UET&VZD, €JTETAfaE, UHlRBED mad 
UZ'ffTDDE. The r23ait0rs are decode0 a5 shorn below. 
UPITRAED 0 = SCECU h e a t e r  A d i s a b l e d  
1 * SCdCU h e a t e r  A eeab led  
UTETOE 0 = Heater A t h e m o s t a t  enabled 
1 = B e a t e r  A rhemootrat  bypassed 
UB[TRBED 0 - SC&CU h e a t e r  B d i s a b l e d  
1 = ScdCU h e a t e r  B enabled 
UT5TBBE 0 = Yeatar B t h e m s t a t  enabled  
1 = Ueater B t h e m o s t a t  bypassed 
8.7.2.1.4 RIU S t a t u s  Piortitors 
URIUSBA and WATEXF i n d i c a t e  BIU 4 A  and 4B s t a t u e  r e s u l t i n g  %ram t h e  BIU c o n t r o ~  
C O ~ W W ~ ~ R  of Paragraph 8.6. The monitors are derived an orbown i n  Figure 8*7-6 
and are decoded a8 fo l lows .  
8.7 .2 .2  S e r i a l  D i g i t a l  Telemetry 
The SChCU o u t p u t s  t e n  8-bit aerial d i g i t a l  t e l e m e t r y  riordPj t o  RXU 4 .  
t h e  words provide payPoad h e a t e r  status,  two p r o d d e  s p a c e c r a f t  ( 
sta tue ,  t h r e e  provide p j r o  c o n t r o l  s t a t u s ,  and the reranidng word pr 
helater s t a t u s .  Each s i d e  of t h e  SCXCU hae I dedicnfxd asrial d i g i t  
encoder. when SC&m A i t s  on t h e  5 V(A) logic pwcr e n e r g i z e s  the A side 
t e l e m e t r y  encoder  which outputa aerial t e l e m e t r y  words t o  the a c t i v e  RIU.  
S i m i l a r l y ,  when SC&LV B is OR t h a  5 V(B) logic power energizes t h e  14 side 
t e l e m e t r y  encoder.  As i n d i c a t e d  i n  Paragraph  8.7.2.*1.1, one ~ f d e  of t h e  SC&W 
is always on elad ehe other a i d e . i @  o f f .  Both s i d e s  can  no t  be on o r  o f f  et  the 
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I word arc) f ixed a t  l o  
a B  b i l a v e l  indi 
rids* Decodt- of 
the  fol lowin$ p 
SC/CV-01. Payload 
Heater 1 - Upper support @tructure  (USS) her&ah 1 









Al.ways d i g i t a l  "1" 
Always digital "1" 
1 - USS h t r  %A anahlad 
1 llSS her IB anohlad 
1 = us5 krcr P thermostat byparaged 
US S 1 AHTR 0 USS htr  1 A  df 
uss 1 BNm 0 USS her 18 dfsablad 
USS1'FR.r 0 = uss h t r  1 ~ t ~ ~ ~ ~ ~ ~ t ~ ~  awrbfQ3d 
USBBTRA 0 m M S I  htr h dbmbl.e;d 
1 DASB h t r  A 
USBRTRB 0 6 DASB htr  B 
1 - DASB hrr E 
USBTHT 0 = BAS0 htr t h  
1 - DASB h t r  t h  
8-57  LSD-WC-263 
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s-5 UPISAHTA 0 = p4sS I / F  A prirnalrgr h e a t e r  d i s a b l e d  
1 = &SS I / P  A xirnary h e a t e r  enabled  
1 = MSS I[/F A r ~ ~ u R ~ a n t  her enabled . 
S-7 TR4SArn 0 = WS I f F  A h r r  t h e m o s t s t  enabled  
1 = MSS I / P  A h t r  t h e m s t a t  bypaaacd 
S-6 mAHm 0 WS I/P A x?dun.dant h t r  disabled 
SCIG'J-03. Payload Heaters 5 , 6  S t a t u s  
Heater 5 = Wideband Module I n t e r f a c e  (WB I / F )  h e a t e r  
Beater 6 = Upper Support  S t r u c t u r e  (USS) heater 2 
Bit S t a t e  D e f i n i t i o n  







5-6 us s 2BHm 
S-7 uss2m 
sc/cu-o4. 
Always d i g i t a l  "1" 
Alwaycl d f g i t a l  *I." 
0 = WB I / F  primary h e a t e r  d i s a b l e d  
1 = WB I / F  primary heater enabled 
0 - WB I / P  redundant  h t r  d i s a b l e d  
1 = WB I / P  redundant  h t r  enabled  
0 = taB I/F h t r  t h e m s t a t  enabled 
0 = USS heatar 28 disabled 
0 = USS heater 28 dFr.mblglrt 
0 = USS htr 2 t h e m a t a t  enabled 
1 = USS h t r  2 ithermoatat bypassed 
1 LE WB I/F ~ c F  thePmstirt6t bypaseea 
1 = uss heater 2~ enabled 
1 = uss heater 2~ enaa lea  
Payload Heaters 7,8 S t a t u s  
8eatk:H 7 6 Thematic Mapper Safehold ( 








Always d i g i t a l  "1" 
~iways d i g i t a l  -1" 
0 = 'LX SIB h e a t e r  1 d i s a b l e d  
1 = TT4 S/B h e a t e r  1 enabled  
0 = Tp? S/E heater 2 d i s a b l e d  
1 * TM S/B h e a t e r  2 enabled  
1 
0 = E m t e r  8 priigary disabled 
1 = Heater 8 primrtry enabled  
0 Bea te r  8 redundant  d i s a b l e d  
1 :-Heater 8 redundant  enabled 
umm1 
UTHXTR2 
UTflBT 0 = m S/E  !!re tfiernontaf: enabl-cd 
UPL 8AxTR 
E4 S/H htr  themastat AppaaEsed 
UPLEfBHTR - 
L SD-WC-2 6 3 
8-5s 
X(?!FIfAL PAGE 
OF POOR QUALITY 
s-7 
sc/cu-os. 
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_ _  __-- 1 -~ ----- - 
UPL8THT 8 = B e a t e r  8 t he rmos ta t  enabled 
1 HeaXcr 8 t h e m n o t a t  bypassed 
Spacec ra f t  (NMS) S t n r c t u r e  Heaters 1,2,3 
B i t  S t a t e  Def in i . t i on  ---kcr onyq 
Always d i g i t a l  "1"' 
Always d i g i t a l  "I" 
1 = MMS h e a t e r  1 en.aB.led . 
1 - MMS h e a r e r  1 t h e w o a t a t  bypassed 
1 = MMS h e a t e r  2 enabled  
1 = PIMS h e a t e r  2 t h e m o s t a t  bypassed 
1 = MNS h e a t e r  3 enabled  
I = 1.fS heater 3 theraustat bypcsacd 
USCETRl 0 = MXS h e a t e r  1 d i s a b l e d  
USCPT5T Q =  h e a e r  1 t he rmos ta t  enabled 
grSfXTR2 0 MMS h e a t e r  2 disab led  
USC2TW 0 MMS h e a t e r  2 t he rmos ta t  enabled 
USCBTR3 0 = MMS h e a t e r  3 d i s a b l e d  
USC3Trn 0 * W heateE 3 t h e a m t a t  enabled  
Spacecraft Structure Heater8 _ 4 , 5 : S  
Always d i g i t a l  "1" 
Always d i g i t a l  "1" 
1 HHS h e a t e r  4 enabled 
I MEIS h e a t e r  4 t h e m o a t a t  bypassed 
1 KtS h e a t e r  5 enabled  
1 01 M4S h e a t e r  5 t he rmos ta t  bypassed 
1 = MMS h e a t e r  6 enabled  
li &DiS h e a t e r  6 thermosta t  bypassed 
tJscprTR4 0 h e a t e r  4 d i s a b l e d  
USC4TEIT 0 = Fe5s h e a t e r  4 t b e m a t a t  enabled 
USCHI% 0 = NMS h e a r e r  5 d i a b l a d  
USCSTBT 0 = Mkps h e a t e r  5 t h e m o s t a t  enabled 
USCXiIfTRQ, 0 = HHS h e a t e r  6 d i s a b l e d  
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Always digi te l .  "I" 
Always d i g i t a l  "I" 
ZPRTKET ry tax& h e a t e r  d i s a b l e d  
ry t ank  h e a t e r  enabled  
Zpmm sy line h e a t e r  d i sab led  
1 - Primary line heater e m b l e d  
ZPRLrn 0 = Line heaeer  themimittat enabled 
1 - Line h e a t e r  t h e m o e t a t  bypassed 
ZSBUTKEiT 0 - Redundant tar& haaeor  d i s a b l e d  
1 = Redundant tank  h e a t e r  enabled 
ZBULNET 0 = Redundant line h e a t e r  d r sab led  
-1 * Xedrandant l i n e  h e a t e r  embled 
Z R U r t i T E  0 * Tank heater thex-mostat enabled 
1 = Tank h e a t e r  t h e m o a t a t  bypassed 
Each o f  t h e  t h r e e  pyeo statua words :e titjl-iver: as shown i n  Figure 8.9-6, A A I  
r e l a y  c o n t a c t 8  i n  t h e  figure arc taficsm in the aafc poeitlon. The most 
8ignLficant b i t  (5-0) of e v e r y  vord Pa fixad at lohg?bc "1% B i t  5-1 i12diclfts8 
t h e  state of ehe master nefe/arcm latching relay on the S C S X  s i d e  which LP o f f ,  
Thus if SChCU A is on b i t  S-i) fndicirtrs the s ta te  of %he B s i d e  mater &W%/@8sf@ 
r e l a y ,  and v t c@ ve r sa .  The e ta te  of the marpeer a m / e a f e  r e l a y  of t h e  on s i d e  is 
determined by t h e  level of b i t  5-2. poeiFTon 
of i n d i v i d u a l  a m  relays. B i t  5-7 providee  a c o n t i n u i t y  check i n d i c a t i n g  
whether a pyro arm plug ,  ,necessary  for pyro f i r i n g ,  hoe been instal led.  T h i s  
b i t  is valid only for the Sc&m s i d e  which 9s on; if SC&CU A is on it i n d i c a t e s  
t h e  s t a t u s  of t h e  A s i d e  pyre a m  plug ,  and if SCfiCU B it? on the  
s t a t u s  of t h e  B side pyro a m  plug.  Ulnlikt? master a rm/sa fe  relay s t a t u s ,  arm 
plug a t a t u e  is not  t r a n s f e  en che A and B s i d e s  f o r  paonftoriry: 
paragraphs.  
SC/CU-07. Antenna Deploy Pyro 2Latu5 
Bite  S-3 through S-6 iRdiCate  t h e  
i t  i n d f c e t e s  
purpooes. D c ? c o ~ ~ %  of a t a t u s  word is presen ted  i n  t h  fob1ow.W~ 
B i t  State Dcfirnieioln 
-I__ 
Bit A C K O U ~  -
s-0 ~ l a ~ a p  egf ta i  -1- 
s--1 UBDUHAS 0 89 DL2FQ%W?E@d Bbde tRS!3Ek?e sQfe 
1 = mgowerea s i d e  =@tee  C ~ E W ~  
s-2 UDDPMAS 0 = Powered side twister s&e 
s-3 UBDUI4-L 0-= Boom u n l a t c h  pyro safe 
1 * P o m r e d  side master armed 
1 = Boom u n l a t c h  pyro armed-. . -  - _ _  
8-00 
- __-  - - 
s-4 UBDCLPIl nc5 IoEk pyro 1 sofa 
s-5 UBDG IEpd 
5-6 UBDSPAR (unused) pyro saf 
1 = GDA Launek Pock pyro 1 amad 
0 0 6M latnnch lock pyro 2 safe 
unch lock pyro 
1 a, Spare (UUUSd) pYr0 a 
s-7 GSDPLUG 0 P Flu$ COQtanUity 
1 -  Am plug coot inu i tp  NO 
Note that  d i g f t a l  "0" ind ica tes  SAFE.  T h e r e f o r e  when SClCV-07 = 10000000, all 
pyro relays QPB in LZ safe mode and the a m  plug is i n s t a l l e d .  This i s  also true 
for pyro eeaeula words SC/CU-OS and SC/CU-O9. 
SC/CU-OS. Solar A r r a y  Deploy Pyro Statu  









Always d i g i t a l  "1" 
I 5 Urspovared side master n m d  
0 = RCwb3Ped a ide  mstet  safe 
1. In Pov@red a i d e  leatTJtCt amad 
D oa Set  1 pyros Ik & 2R safe 
1 = Bet f py't-so 18 ti 23 awed 
UADSTLB 0 S e t  1 pyres 2A & 1B lade 
1 = S e t  1. pyros 2A S 1B amed 
0 * Set  2 pyrols 3A Q 4B e a h  
1 Set  2 pyroe 3A Q 4B armed 
0 5 Set  2 pyrool 4 A  6 38 m f e  
1 
0 = Am plug cont inu i ty  YES 
1 Arm plug continuity KO 
u m w s  0 Unpowcred side mater safe 





sane. 2 pppos 4 8  Q 3 B  lamed 
SC/CU -09. Antenna J e t t i s o n  Pyro Statue -
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t 8.7.3 TELEMETRY DERIVATION SCHEMATICS 
I 
This s e c t i o n  provides funct ional  sctaemtics showing the derivaeion o f  the 
telemetry funct ions  as an aid to  understanding the telemetry These 
funct ional  schematics are provided as information only and are superseded by the 
exact c i r c u i t s  def ined on SCdrCu d r a w i s s .  
interface. i '  
! 
1 






t o  RIU 
-+ TLM RETURN 





UTR I UB 
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RETURN 
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Figure 8.7-6. RIU Status Monitor Derivation 
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8 - BIT REGISTER 5v. ( 5 )  












1 .  
I 
1 
" i  
I 
MODULAR POWER SUBSYSTEM 
The Modular Power Subsystem (XFS) i s  one of t h r e e  f u n c t i o n a l  modules comprising 
a b a s i c  modularized s p a c e c r a f t  r e f e r r e d  h e r e i n  as a Nultl~ti6:~saion Mod32ar 
Spacec ra f t  (NMS). The t h r e e  HFfS modules (Figure 9-1), Hotular  Power Subsystem 
(MPS), Communication and Data Haadling (C&DH) and Modular A t t i t u d e  Con t ro l  
Subsystem (MACS) are of similar dimensions and c a n s t r u c t i o n  and are mounted t o  
t h e  module support  s t r u c t u r e .  A smaller module, t h e  S i g n a l  Condi t ioning and 
Control. Unit  (SC&CU) prov ides  miss ion  unique c i x u i t r y  f o r  Landsat-D r e f e r r e d  t o  
as s p a c e c r a f t  f n  t h i s  s e c t i o n .  
The MMS 
(IM), composed of a payload,  a S o l a r  Array (SA) ,  and a high g a i n  antenna.  
The MPS r e c e i v e s  e l e c t r i c a l  power from t h e  s o l a r  a r r a y  and cond i t ions ,  r e g u l a t e s  
and c o n t r o l s  t h i s  power f o r  u se  by t h e  s p a c e c r a f t .  During per iods when t h e  
s o l a r  a r r a y  is n o t  i l l u m i n a t e d ,  MPS b a t t e r i e s  supply s p a c e c r a f t  power. The 
b a t t e r i e s  a l s o  scppfement s o l a r  a r r a y  power during pe r iods  of peak p m e r  demand. 
Spacec ra f t  electrical power requirements  vary wi th  each mission (i.e., Thematic 
Mapper and /o r  M u l t i s p e c t r a l  Scanner).  
i s  configured f o r  t h e  Landsat-D miss ion  by adding an  Instrument Module 
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Figure 9-1. EfS  Subsys tems 
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The pr iwry  function of the HTS is  t o  provide  power t o  tlrc FtMS and i t s  pixyloed. 
Power i s  supplicrd by tire MI’S through t\,e PIPS Modulo/SpacaernEt interface  
connc~tora  and M t 6  harness. This harness routes each of the following 13PS power 
oatputs to MMS modules and Instrument Module: 
- MF’S FDNCTIONAI. DESCRT PTION 
1. w\CS Module Tower 
2 .  CLDH Module Power 
3 .  SCdCU PIodule Power 
4 .  Fropuls !on/Actuat ion Nodule Power 
5 .  Instrument Module Power (Payload) 
Figure 9-2 is  a functionnl descr ipt ion of the mcdit lcs .  
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F i g u r e  9-2. M P S  General Interfaces 
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External power sou rces  a v a l l a b l e  t o  t h e  MP:’ dur ing  d i f f e r e n t  miss ion  phases  are 
rou ted  t o  t h e  MPS through t h e  MMS harnesa.  These rsources, d i scussed  in d e t a i l  
i n  t h e  rower Sources  d e s c r i p t i o n ,  Sec t ion  9.2.1, provide t h e  MPS w i t h  t h e  
fo l lowing  power inpu t s :  
1. Main Array Power 
2 .  GND/ShutLle Power Direct 
3 .  GND/Shuttle Power Main 
4. Ground Charge 
5. Hardl ine  Resupply Heater Power 
Primary MPS func t ions  are cond i t ion ing ,  c o n t r o l l i n g ,  monitor ing snd d i s t r i b u t i n g  
power rece ived  by t h e  MPS from t h e  v a r i o u s  sourcca.  I n  block diagram form, 
Figure  9-3 shows power d i s t r i b u t i o n  throughout  t h e  MPS wi th  power c o n t r o l  
provided by r e l a y s  and f u s e s ,  power monitor ing by c u r r e n t  senaors  (wi th  d a t a  
suppl ied  t o  t h e  SCA), and power cond i t ion ing  provided by t h e  PRU. 
Voltage on t h e  unregula ted  bus  is d i s t r i b u t e d  by the  MPS as fol lows:  
Unregulated bus  v o l t a g e  is  app l i ed  t o  t h e  PClJ l oad  bus. The 108d bun 
d i s t r i b u t e s  t h i s  vo l t age  t o  MPS i n t e r n a l  and e x t e r u a l  loads .  Power f o r  t h e  MPS 
i n t e r l l a l  l oad ,  Power Regula t ion  Un i t  (PRU) and f o r  one e x t e r n a l  load  (SC&CU) i s  
provided d i r e c t l y  *from t h e  H P S  l oad  bug. Power for C U R W R ~  S ~ T ~ E O P S  and heat.c,rs 
i s  provided t o  t h e  Bus P r o t e c t i o n  Assembly (ETA) where each l a a d  i o  pro tec t ed  by 
redundant fuses .  Power provided t o  t h e  BPA €or  h e a t e r  c i r c u i t s  m y  be 
i n t e r r u p t e d  by t h e  h e a t e r  O?J/OFF rclays. One c u r r e n t  s e n ~ o r  m n i t o r s  bath t h e  
PlPS i n t e r n a l  l oad  c u r r e n t  and t h e  SC&CU c u r r e n t .  For e x t e r n a l  MPS pewee 
d i s t r i b u t i o n ,  t h e  load  bus  vo l t age  i s  app l i ed  t o  t h e  ins t rument  load  bus  through 
redundant PDR’s (Power Disconnect Relays)  which proviae  f o r  removal of  t h e  MPS 
external loads .  
The ins t rument  load  bus provides  power d i s t r i b u t i o n  t o  t h e  fo l lowing  MPS 
e x t e r n a l  loads;  CLDH module power, ACS module power, p ropu l s ion lac tua t ion  module 
power and Ins t rument  Module Power (Payload). Load$ are monitored by cu r ren t  
sensors ,  and the  t w o  ins t rument  module busses  are fused t o  p r o t e c t  t h e  load bus. 
For MPS c o n t r o l  by t h e  C&DH ON-Board Computer (OBC), command and d a t a  handl ing  
c i r c u i t s  are r equ i r ed .  Two redundant RIU’s (AGIB) provide WS i n t e r f a c e  w i t h  the  
PIMS mul t ip l ex  d a t a  bue (MDB). Commands from t h e  OBC are received by t h e  RIU‘s 
via t h e  MDB and MPS module /spacecraf t  i n t e r f a c e  connectors .  The RIU’s f o r o a t  
t h e s e  commands f o r  u se  by t h e  SCA. C i r c u i t s  i n  t h e  SCA cond i t ion  t h e  commands 
f o r  u se  throughout  t h e  M P S .  Monitor and s t a t u e  d a t a  from p o i n t s  throughout  t h e  
MPS is condi t ioned  by SCA c i r c u i t s  and rou ted  t o  t h e  RIU‘8. The RIU‘s f o m t  
t h i s  data f o r  sending  v i a  t h e  MDB t o  t h e  C&DB module. The CCzDII mo&;nEe 
d i s t r i b u t e s  the  d a t a  t o  the  OUC and t o  t h e  IM f o r  telew-t;:; t r a n s d 6 s i o n .  
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Depending on t h e  phnsc of the s p a c e c r a f t  rsiersion, v a r i o u s  source8 of electrical  
energy are a v a i l a b l e  t o  t h e  FIPS. The sourcezp, when they are 916ed, when t h e y  are  
a v a i l a b l e ,  and t h e l r  r o u t i n g  t o  the PIPS, $re d i scussed  i n  the Pol.lowirig 
paragraphs : 
9.1.1.1 S o l a r  Array 
During o r b i t a l  f l i g h t ,  t h e  primary source  of e lec t r ica l  energy f o r  t h e  W S  is 
t h e  s p a c e c r a f t  s o l a r  a r r a y .  I t  is designed t o  s a t i s f y  t h e  maximum e lec t r ica l  
load of t h e  Spacec ra f t .  MPS s o l a r  a r r a y  i n p u t  power has  t h e  fol lowing 
r e q u i  tements: 
Open C i r c u i t  Volts - Min Volts: 5 5  VDC (0 v o l t s  a t  e c l i p s e )  
Max Volts :  125 VBC 
Short  C i r c u i t  Current  - 7 2  Amps Msx 
1.7 Amps Min ( 0  amps a t  e c l i p s e )  
Electr ical  energy gene ra t ed  by t h e  s o l a r  a r r a y  is routed from t h e  a r r a y  through 
t h e  s p a c e c r a f t  harneso eo t h e  !P5. The s o l a r  energy i s  app l i ed  t o  t h e  W S  
through redundant i n p u t s  and r e f e r r e d  t o  as Fiain h r r e y  Power. 
9.1.1.2 Ba t t e ry  Power 
During e c l i p s e  pe r iods  of t h e  s p a c e c r a f t  o r b i t a l  f l i g h t ,  no s u n l i g h t  stri!cae the 
s o l a r  a r r a y  and t h e  s o l a r  a r r a y  provides  no e l e c t r i c a l  energy. MPS batteries 
provide t h e  on ly  sou rce  of e lec t r ica l  energy f o r  upacecraf t  power requirements  
du r ing  a n  e c l i p s e  per iod.  B a t t e r y  power is a l s o  a v a i l a b l e  t o  supplement s o l a r  
a r r a y  power du r ing  pe r iods  of peak power load.  Ba t t e ry  v o l t a g e  is routed from 
b a t t e r y  t e rmina l s  through MPS c a b l e s  t o  t h e  PCU. Then through high and lou range 
cu r ren t  s enso r s ,  through a power d i sconnec t s  r e l a y  ( P D R ) ,  and through a diode 
on to  t h e  PCU unregulated bus as  shown i n  F igu re  9-3. During b a t t e r y  charging,  
a r r a y  power ou tpu t  i s  routed t o  t h e  b a t t e r y  t e rmina l s  i n  a s i g i l a r  manner except  
t h e  diode is bypassed wi th  t h e  ON/OFF charge r e l s y .  
9 .1.1.3 Ground/Shuttl.e Charge Power 
I n  add ie ion  to  t h e  s o l a r  a r r a y  power i n p u t ,  t h e  MPS is provided w i t h  t h r e e  
a d d i t f o n a l  power i n p u t s  t o  be used p o t e n t i a l l y  a t  va r ious  tines dur ing  t h e  
s p a c e c r a f t  mission. These i n p u t s  are GKD/Shuttle Pk’R M A I N ,  GNDIShuttle PWR 
Direct, arid Ground Charge fo r  batteries 
This  power inpu t  may be used du r ing  ground t e s t i n g ,  prelaunch and s p a c e c r a f t  
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power i s  app l i ed  t o  t h e  s p a c e c r a f t  through 
t h e  s p a c e c r a f t  umbi l i ca l  connec tor  an2 routed  throtigh t h e  s p a c e c r a f t  ha rness  t o  
t h e  MPS module/spacec.raf t i n t e r f a c e  connectors .  K i t h i n  t h e  €ILpS this power i i t  
rou ted  on to  t h e  s o l a r  a r r a y  bus through t h e  s o l a s  a r r a y  cu r ren t  S B ~ P O T .  A diode  
i n  each power i n p u t  l i n e  isolates  t h e  MPS from f a u l t s  t h a t  may occur  on t h e  
e x t e r n a l  supply l i n e s .  
9.1.1.5 GND/Shuttle Pwr Direct -- 
This  is t he  second type  of MPS power inpu t  rou ted  through t h e  s p a c e c r a f t  
unbi l icaX connectors  t o  t h e  WS. Within t h e  MPS, t h e  d i f f e r e n c e  between t h i s  
i n p u t  and t h e  GND/ShuttPe Power Main i n p u t ,  desc r ibed  above, i s  t h a t  GND/Shuttle 
Pwr Direct i n p u t  bypasses  t h e  s o l a r  a r r a y  and t h e  PRU, apply ing  vo l t age  d i r e c t l y  
o n t o  t h e  WS unregula ted  bus. The GND/Shuttle Pwr Direct inpu t  i s  i s o l a t e d  by 
diodes.  Th i s  power i n p u t  may be used dur ing  ground t e s t i n g ,  p re l sunch ,  8nd 
s p a c e c r a f t  r e t r i e v a l  and resupply  i n  o r b i t  by t h e  s h u t t l e  c r a f t .  
9.1.1.6 Ground Charge 
The MFS b a t t e r i e s  can  be charged from a n  e x t e r n a l  power source  wi thout  powering 
up t h e  t o t a l  MPS. A ground charge  provides  t h e  t h i r d  type  of E’S pover inpu t  
routed  tlircugh t h e  s p a c e c r a f t  irmbFEicaJ. CGnnectorfi t o  the  I?I?S. Within t h e  MPS 
t hese  inputs are routed th rough  c u r r e n t  sensors :La t he  PCU and then  d i r e c t l y  t o  
the H P S  b a t t e r y  terminals. These i n p u t s  arc used t o  supply vo l t age  f o r  b a t t e r y  
chargi:ig and are i s o l a t e d  by diodes.  Tlie voltogc suppl ied  by t!zese i n p u t s  is 
no t  c o n t r o l l e d  by 14PS c i r c u i t s  and t h e  current sensors are not used f o r  grocnd 
charge cont  s o l  o r  monitor ing.  
9.1.2 POWER REGULATION AND CONTROL 
9.1.2.1. PRU Funct ions -. 
The PRU provides  t h r e e  main func t ions :  cond i t ion ing  of pclirer app l i ed  t o  t h e  PCU 
s o l a r  a r r a y  bLs (Main Array Power and GND/Shuttle Pwr Main), supply ing  
condi t ioned  power t o  t h e  PCU unregula ted  bus, and c o n t r o l l i n g  t h e  charg ing  of 
b a t t e r i e s .  The PRU w i l l  f u n c t i o n  i n  one of t h r e e  modes: 1) Standby, 2 )  Peak 
Power Tracking,  and 3)  Voltage Limi t .  (See S e c t i o n  9 . 3  f o r  d e t a i l e d  exp lana t ion  
of modes of ope ra t ion . )  I n  performing i t s  func t ion ,  t h e  PRU provides  t h e  most 
e f f i c j e n t  u se  of a v a i l a b l e  s o l a r  a r r a y  power when ope ra t ing  in t h e  peak power 
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PRU ou tpu t  vo l t age  (22-35 v o l t s )  is  determined by t h e  b a t t e r y  t e rmina l  
Addi t iona l  PRU c h a r a c t e r i s t i c s  are CIS fo l lows:  
vo l tage .  
PRU INPUT -- 
Voltage 
Cur ren t  
Power 
Ref l ec t ed  Ripple  
PRU OUTPUT -- 
Voltage 
C s r r e n t  
Power 
Curren t  Ripple  
125 Vo l t s  Maximum 
40 Vol t s  Minimum 
72 Amperes Maximum 
4 Amperes Minimum 
4500 Watts Maximum 
0.0 Watts Minimum (Ec l ipse )  
160 Watts minimum ((Operat ion)  
Lees than  7.5 Amperes Peak t o  Peak, 
All o p e r a t i n g  modes 
22-35 Volts 
3600 Watts l.laxitas= 
Less  than  7.5 Amperes Peak t o  Peak, 
a l l  ope ra t ing  modes 1 Hz t o  15 KHz 
9.1.2.2 RCU Funct ions .- 
Power from t h e  PRU o r  GND/Shuttle Pur D i r e c t  inpilP;t is app l i ed  t o  t h e  PCU f o r  
c o n t r o l  and monitor  func t ions  i n  p repa ra t ion  f o r  d i s t r i b u t i o n  by t h e  PCU load  
bus. In  t h e  fo l lowing  paragraph,  c o n t r o l  and monfitsf func t ions  are descr ibed  
f o r  each MPS power sou rce ,  with d i s t r i b u t i o n  deec r ib td  i n  t h e  Power D i s t r i b u t i o n  
paragraph 9.1.3. 
9.1.2.3 Main Arra_y_ Power 
The s p a c e c r a f t  a o l a r  a r r a y  power i s  app l i ed  t o  t h e  P4X s o l a r  a r r a y  bus  a f t e r  
being routed  through t h e  power d isconnec t  r e l a y s  (Pi%%) and c u r r e n t  s enso r s  (CS) 
as shown i n  F igure  9-3. Main a r r a y  power i s  routed EO t he  PCU by t h e  MPS 
i n t e r n a l  c a b l i n g  and then routed  t o  a YEP... When enabled, t h e  PljR a p p l i e s  Main 
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9 .1.2.4 Ground/ S h u t t l e  Power Main --
Power from t h i s  source  i s  app l i ed  t o  t h e  PCU s o l a r  a r r a y  bus a f t e r  being routed  
from t h e  PCU i n p u t  connec tors  through a c u r r e n t  s e n s c r  and a n  i s o l a t i o n  diode. 
The i s o l a t i o n  d iode  p r o t e c t s  t h e  PIPS c i r c u i t s  from a f a u l t  e x t e r n a l  t J  t h e  M P S .  
The Ground/Shut t le  Power Main r e t u r n s  are rou ted  d i r e c t l y  t o  t h e  PCU r e t u r n  bus. 
Power app l i ed  t o  t h e  PCU s o l a r  a r r a y  bus from e i t h e r  of t h e  above sources  is 
routed  d i r e c t l y  t o  t h e  PRU fnput .  The PRU cond i t ions  and r e g u l a t e s  t h e  power as 
descr ibed  I n  S e c t i o n  9.1.2.1 PRU Funct ions.  Conditioned power from t h e  PRU 
ou tpu t  is routed  on to  t h e  PCU unregula ted  bus. Th i s  is one of t h r e e  sources  o f  
power suppl ied  t o  t h e  unregula ted  bus. The second source is GNDlShuttle Power 
Direct which is rou ted  through a c u r r e n t  s enso r  and a d iode  and o a t 0  the 
unregula ted  bus. The d iode  p r o t e c t s  M P S  c i r c u i t o  from a f a u l t  e x t e r n a l  t o  t h e  
WS. The t h i r d  r e g u l a t e d  bus power sou rce  is b a t t e r y  power. Power a p p l i e d  t o  
t h e  unregula ted  bun I s  routed  d i r z c t l y  t o  t h e  PCU load  bus f o r  d i s t r i b u t i o a  as 
desc r ibed  i n  paragraph 9.1.3, Power D i s t r i b u t i o n .  
9.1.2.5 Bat t e ry  Power 
The t h i r d  source  of unregula ted  bus power, b a t t e r y  power, is  used when t h e  Wain 
Array Power is not  a v a i l a b l e  ( e c l i p s e  p e r l o d )  o r  d u r m g  per iods  of peak power 
demand i f  t h e  so la r  a r r a y  ou tpu t  is i n s u f f i c i e n t .  Each b a t t e r i e s  vo l t age  i s  
app l i ed  t o  the c, ,regulated bus  by routing, b a t t e r y  p o s i t i v e  vo l t age  through two 
c u r r e n t  s enso r s  (CS) ,  a power disconnect  r e l a y  (YDR), and s n  ON/OFF charge r e l a y  
as shown in ? i g u r e  9-3. Battery r e t u r s  are rou ted  through B c u r r e n t  scnljor t o  
t h e  PCU r e t u r n  bus. 
M P S  power d i s t r i b u t i o n  t o  i n t e r n a l  and e x t e r n a l  l oads  i s  provided by t h e  PCU 
load  bus and t h e  PCU ins t rument  load  bus. Returns  are t o  t h e  PCU load bus u ' t h  
a cu r ren t  s e n s o r  monitor ing c u r r e n t .  The c u r r e n t  sensor  monitors  t h e  t o t a l  
c u r r e n t  drawn by MPS i n t e r n a l  and e x t e r n a l  loads .  
9.1.3.1 I n t e r n a l  Power Dis t r j -bu t ion  
Power requirements  wichin t h e  MPS inc lude  MPS h e a t e r  power and RPA power. A 
c u r r e n t  sgnsor  monitors  curre.,t drawn by BPA power, RTR power, and SC&CU module 
power. The power f o r  t h e  BPA power and SCLiCU module i s  provided through 
redundant w i r ing  from t h e  PCU load  bus. 
Two indepencter,t power i n p u t s  are provided t h e  EPA by the PCU f,c+ad Bus ,  i . e . ,  MPS 
heatsr powcr and 'A power. The heater power is routed  throtigh r2dui:dant PI=Li 
power d isconnec t  re laye  which are cor , t ro l led  by a conrmand from the SCA relay 
d r i v e r  c f - r c u i t s  (F igu re  9-7). 
i 
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The BPA provides  d i s t r i b u t i o n  of i t s  two power i n p u t s  through redundant fused  
c i r c u i t s  t o  n o n - c r i t i c a l  WS in te rva l .  l oads  as fOllOW8: The provLdes 
redundant f u s e  c i r c u i t s  of t h r e e  ratings; 1 Amp, 2 Amp and 3 wi th  eese 
p o i n t s  suppl ied  f o r  t h e  monitor ing of each  f u s e  s t a t u s .  The f u e e  c i r c u i t s  are 
on r ep laceab le  p r i n t e l  c i r c u i t  cards with t h e  primary and redundant Fuses on 
s e p a r a t e  boards. F igu re  9-4 shows a t y p i c s l  BPA redundaut f u s e  c t r c u i t .  IPS 
Heater Power i n p u t  t o  the  BPA is routed  through two 3 Amp fuse redundant 
c i r c u i t s  providing HTR Pwr A fr S ou tpu t s  from t h e  BPA t o  h e a t e r s  HR A l ;  A2 and 
HR B 1 ,  B2 (F igu re  9-3). The second BPA inpu t  (RPA Power) is routed through t h e  
BPA 3 Amp, 2 Amp or 1 Amp f u s e  c i r c u i t s  provid ing  t h e  fo l lowing  BPA outputs :  
1. Power A and B t o  RIU-A (2  Amp) 
2. Power A and B t o  RIU-B ( 2  Amp) 
3. SCA DC t o  DC ConverLer Power A and B (3 Amp) 
9.1.3.2 Externa l  Power D i s t r i b u t i o n  
Spacec ra f t  power requirements  i nc lude  t h e  fo l lov iEg:  
1. SChCU Module Power 
2. ChDK Module Power 
3. ACS Hodule Power 
4. Propuls ion/Actuat ion HoduLe Power 
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Figure 9-6. Typical  BPA Redundant Fuse Circu i t  
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Tho SCdCU rnadtrle power provided by the  FCW Laad Bun, and monitored by the same 
t * c i r c u i t  ednsor a8 MPS in te rna l  logds,  i s  diecussad in t he  Internu]. P o w e r  
D i s t r f b u t f o n  parorgraph. The PCU Instrument  Load Rus d f i s t r i b u t e s  €or eAch NPS 
external  load except the SChC3 Ptcrdule power. I'hc vol tage  on the PCU Losd NUB lor 
a p p l i e d  through redundant PCL! p o m r  dleccnnsct re,fays Pnwtrument Lopid Power 
IPitwonnoc-t to the Inserumcnt Load Bue. These  releye are each c o n t r o l l e d  by 
h e r d l i n e  commclnds Load PD Enabte CliQD A and CND 1.I and a toed PD, d i s a b l e  CPB, A 
and CMI: B and by redundant enab le  comiands from t h e  SCA. Tho In8truaent Load 
Pwr Disconnect ( P I X )  provid-. a ntathod of removing extarna l  loads f r o m  t h e  MPS. 
The Instrument  toad Bus vol ts j ie  is routed  through a current sensor and PCU 
connectors  for d i s t r i b u t i o n  By tiit. s p a c e c r a f t  harness t o  t h e  ACS Module power 
elid l ' eopul~fon/Act ivnt fon  module ns shown in Figure  9-3. CBDH module power \ \AB 
a e i m f l ~ t r  routcrly through a c u r r e n t  sensor and the MPS Ffodule/Spacecrttft 
i n t e r f a c e  connsc tc r  to t h e  C6DH mdufr? via t h e  aptacecraft: harness .  
9.1.3.3 Payload Povcr 
Instnimcnt  Module h i s  h CI RUS B i e  supplied by the vo l t age  from the PCU 
i t ~ e t r u m r n t  load  b c s  8s shown in Figure 9-3.  High and low range c u r r e n t  s@?.eor8 
mnnitor  t h e  pnyload power. Two 150 amp rep lacaablo  fueeo located in t h e  PCU 
prov ide  instruaent load bus power p r o t e c t i o n .  Fuse F1 is in eerie8 wi th  payload 
BUS A. RUS B. includiill: Fuue 82 can be commanded open by the from t h e  S C A  r e l a y  
drivers: XNSTR FUSE 5ELSrr  r e l a y  locatc~d i n  tile PCLi. The  IIiiSTR YUSP: SEL5CF 
relcty i s  cor t ro l ' cd  hy t w o  c t ~ ~ ~ ~ r r d s  f om tlte SC; r e l a y  d r i v e r s :  ZNSTK FUSE 
SELECr I (CHI) 3 h )  and INSTR FUSE SCI.CCT 1 ani! 2 tClrd 37) ( r c f c r  ro F!g,use 9-14?. 
After passing throtrgtt elrr f r i a ~  r l r c u i t .  pnyIoeiti power I s   re::^.? through PCU 
coiwcctors IWSTL &US A tctrd Ifq!sTX 1HlF B. The n p x c c r a t t  ha rness  Ltrarr routes  I M  
BUS A and IN BUS t3 t o  rltr trpacecrrilt payload. 
9.1.4 SiSnul Conditioning Assembly (SCA) 
T t a  SCA provides  the  interface c l r c u i t e  r e q u f r r d  t o  match t h e  R I U  command and 
d a t a  c i r c u l t s  w i t h  t t w  MPS c i r c u i t s  The SCA c i r c u i t e  inc lude :  I )  r e g u l a t o r s ,  
2 )  coinmirid r e l a y  d r i v e r s ,  and 3 )  monitor circuits. 
9.1.4.1 Power C i r c u i t s  
The power c i r c u i t s  c o n s i s t  of two redundant DC t o  DC conver t e r s  as shown i n  
Figure  8-9. Each PC t o  DC co t iv r r t e r  s u p p l i e s  regulated voltcsgeti of +lZVDC, 
- I 2 V D C ,  +10VPC, -5YDC and  f i l t e r e d  + ? r H V U C  as requi red  f o r  use within t h o  SCA. 
These vo l t ages  u r e  d r r l v e d  from a + 2 R V D C  input  app l i ed  t o  each 1)C t o  DC 
conver te r .  The DC t o  DC conver t e r  i n p u t  +2R\'IX: 1 s  a p p l i e d  t o  a f i l t e r  c i r c u i t  
w i t h  the f i l t e r  c i r c u i t  m i t p  t (2RY'DC F i l t e r )  being fused and available for use 
~ p p l l r i l  t o  a t ransformer  nnb tarcpped ~ G W I .  
The stepped down AC v o l t a g e s  arc  capplicd t o  r q u l a t o r  c l r c u f t s  t o  o h t ~ a i n  +5VDC, 
+ 1 , 1 V l F ,  -12YDC and + l h Y I X  converfer  o u t p u t s  f o r  use  w i t h i n  t h e  SCA. Both DC t o  
DC conver te rg  a re  i d e n t l c a l  and o p e r a t e  i n  the same moderr. 
---- _l_l_ 
wi th in  tht. SCA. t h e  23i'DC f L 1 t ~ r c - d  01tIptit  18 i l leo coi;vesn~*d t o  AG v O l t r i g ~ ,  
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9 .I .4.2 Command C i r c u i t s  
The command c i r c u i t s  c o n s i s t  of r e l a y  d r i v e r  c i r c u i t s ,  r equ i r ed  t o  c o n t r o l  
magnetic ia tchSng r e l a y s  loca t ed  throughout t h e  M P S ,  and c o n a n d  signal wiring.  
The SCA module c o n t a i n s  s i x  c i r c u i t  boards;  with s i x  relay d r i v e r  circuits p e t  
board f o r  a t o t a l  of 36 c i r c u i t s .  A l l  r e l a y  d r i v e r  r f r c u i t s  are i d e n t i c a l .  
Relay d r i v e r  c i r c u i t s  are t r i g g e r e d  by two types  of s i g n a l s :  R I U  d i s c r e t e  
commands o r  i n t e r n a l  SCA l o g i c  s i g n a l s .  The R I U  d i s c r e t e  commrtnd i a  a high t o  
low t r a n s i t i o n  of approximately s i x  mi l l i s econds  d u r a t i o n ,  which is generated by 
a s i n g l e  ended switch c l o s u r e  t o  s i g q a l  ground. high 
t o  low l e v e l  t r a n s i t i o n  of i n t e r n a l  SCA l o g i c  c i r c u i t  output. The RIU's also 
ou tpu t  r e l a y  d r i v e r  commands of 28VDC capable  of d r i v i n g  small r e l a y s  without  a 
r e l a y  d r i v e r  c i r c u i t .  A high t o  low t r a n s i t i o n  of t h e  r e l a y  d r i v e r  c i r c u i t  
i n p u t  t r i g g e r s  t h e  p u l s e  s t r e t c h e r  l o g i c  device.  F igu re  9-6 shews a s i m p l i f i e d  
diagram of a d i s c r e t e  p u l s e  relay d r i v e r  c i r c u i t .  The p c l s e  s t r e t c h  dev ice  
ou tpu t  is a s i g n a l  ground p u l s e  of l onge r  d u r a t i o n  than  t h e  command inpu t .  This  
s i g n a l  ground provides  a r e t c r n  f o r  t h e  +5VDC app l i ed  t o  t h e  photocoupler diode 
causing t h e  diode t o  emit l i g h t  and t u r n  on t h e  p h o t o t r a n s i s t o r  i n  t h e  
photocoupler.  When turned on, t h e  photocoupler a p p l i e s  +14VDC t o  t h e  ou tpu t  
t r a n s i s t o r  causing it t o  conduct,  thereby applying +28VDC on t h e  r e l a y  d r i v e r  
c i r c u i t  output .  This  28VDC is t h e  s i g n a l  rou ted  to t h e  magnetic l a t c h i n g  r e l a y  
which c i r c u i t  it is intended t o  d r i v e .  
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Comwnd s i g n a l  w i r i n g  r o u t e s  commnnds rece ived  from t h e  RIU's d i r e c t l y  through 
t h e  SCA and on t o  t h e  r e c i p f e n t  c o n t r o l  c i r c u i t .  Each command and i t s  redundant 
commnd i s  routed  f n  p a r a l l e l  t o  i t a  d e s t i n a t i o n  w i t h  each routed  t o  t e a t  p o i n t s  
on tha SGI tes t  connactor.  Two FKU commands "Set M" (11) and "Reset, VA,  VB" 
(12)  art4 not  rou ted  d f r e c t l y  t o  t h e  PRU. Theae two coawsnds provide c o n t r o l  of 
t h e  MPS Safe  Made and are app l i ed  t o  safe @ado logic i n  tho  SCh. 
9.1.4.3 Contro l  C i r c u i t s  
There are t h r e e  types  of c o n t r o l  c i r c u i t s  cont,ained i n  t h e  SCA: ARM/DISARM, 
BATTERY CHARGE INHIBIT, and computer s t a t u s  monitor.  
9 . 1 . 4 . 3 . 1  ARM/DISAUM Contro l  C i r c u i t .  
The nrm/dfserm c o n t r o l  c i r c u i t  fa used €or  three types of commands; b a t t e r y  
ON/OFF charge ,  fnstrument fuse/power d isconnec t  and h e a t e r  c o n t r o l .  An 
annldf sarm c o n t r o l  cf r c u f t  c o n s i s t s  of a l a t c h i n g  relay which operaeee  df r a c t l y  
on R I U  28VUC pu l se  commnds from t h e  RIU. The r e l a y  r ece ives  s e p a r a t e  arm and 
disarm commande from t h e  RIU's. The redundant relay is commanded by t':e 
redundant RIU. Figure 9-7 shows a s i m p l i f i e d  diagram of an aarm/disarm control 
c i r c u i t .  One set of coiitacttl i n  each r e l a y  provides  arm/disarm s t a t u s  of t h e  
relay by provid ing  H d i g i t a l  "0" s ignal  when the r e l a y  f e  i n  t h e  armed (SET) 
s t a t e .  
9 . 1 . 4 . 3 . 2  Bat t e ry  Chcirge I n h i b i t  Con t ro l  C i r c u i t .  
The hat t c r y  charge i n h l h i t  c o n t r o l  c i r c u i t  .:onsists of t h r e e  i d e n t i c n l  c i r c u i t c .  
Interiuil  l o g i c  w i l l  prevent a l l  batteries froa b r i n g  s imul taneous ly  OFF charge. 
The outp$it of t he  l o g i c  c f r c u f t a  c o n t r o l s  t h e  r e l a y  d r i v e r s  i n  t h e  SCQ. 
A u t n m t i c  charg ing  is  i n h i b i t e d  when d i s c r e t e  BATT OFF charge CKDS are sent or 
when b a t t e r y  charge  i n h i b i t  c i r c u i t s  a c t i v a t e  UATT OFF CHG r e l a y  d r i v e r s .  The 
clriirfie i n h i b i t  c i r c u i t  p revents  b u t t e r y  c h n r g i w  when i n d i c a t e d  b a t t e r y  
tempera tures  are  tihove 35°C. I f  a t h e r m 1  swi tch  nq l func t iona ,  i n d f c a t r d  by 
T h e m  S u f t c h  ( c l o s e d  i q 5 * C )  i npu t ,  au tomat ic  c o n t r o l  of charg ing  is a l s o  
i n h i b i t e d .  Logic c i r c u i t s  r e c e i v e  BATTERY ON/OFF CWG STATUS'S and usee  t h i s  
information t o  main ta in  t t t  l e a s t  one b a t t e r y  on charge  a t  a11 times. 
I f  t h e  s o l a r  wrrtly pover ou tpu t  i s  equal  t o  o r  less than  t h e  t o t a l  load  denrand 
( i n c l u d i n g  paylotrd, e l e c t r o n i c s  and b a t t e r y )  t h e  feedback l zop  of t h e  r e g u l a t o r  
w i l l  hc tlre peek power t r a c k e r .  i.e. f u l l  a r r a y  power output  is employed. When 
t h e  b a t t e r i e s  reach f u l l  charge ,  t h e  h s t t e r y  vol tage / tempera tura  c o n t r o l  of t he  
Power Krsirlator w i l l  t a k e  o v e r  from t h e  pcwh power t r a c k e r  loop in order  t o  
reduce the battery cha rg ing  ra te .  This  feedback loop w i l l  f o r c e  t h e  so la r  array 
ol r r i ic lng poin t  t o  2% higher  vo l tnge ,  thus loxcring tttc o p e r a t i n g  pover l e v e l  
suf f i c l e n t l y  t o  rwct the  decreasing chttrge ra te  rcquiretwnts. 
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9-17 
SV S- 10 26 6 
31 December 1981 
9.1.4.3.3 
The computer s t a t u s  monttor and s a f e  mode l o g i c  c i e c u i t  of t h e  SCA s o n i t o r s  t he  
s t a t u s  of t h e  computer t r r  t h e  purpose of t r a n s f e r r i n g  t h e  MPS t o  8 safe mode in 
t h e  event  of a sensed computer anomaly. The computer s t a t u 8  i s  evalue tad  by 
monitor ing the  COWUTER PULSE TRAIN "A"/"B" s i g n a l  f o r  t h e  absence of a p u l s e  
wf th in  a 3.3 4-0.30 second per iod .  COMPUTER PULSE TRAIN "A"/"€%" is n o m a r l y  a 
series of pulses-with a r a t e  of one p u l s e  eve ry  1.0 + 0.10 seconds,  u n l e s s  
. , r i o r i t y  i n t e r r u p t  occurs  i n  which case t w o  pulses-will be skipped.  The SCA 
i n t e r p r e t s  t h e  d e t e c t e d  absen t  pu l se  as 9 computer anomaly. When a computer 
anomaly is d e t e c t e d ,  SCA Logic commands t h e  tfPS i n t o  a s a f e  mode of ope ra t ion .  
When c o n t r o l  has  been t r a n s f e r r e d  t o  a s a f e  mode, t h e  MPS remains i n  t h e  Sa fe  
Mode u n t i l  reset Q a separate command COMPUTER MONITOR RESET CKD "A"/"B" CMD 
(44) .  The MPS remains i n  t h e  s a f e  mode even i f  t h e  COMPUTER PULSE TRAIN (CHI 
40) is r e e s t a b l i s h e d  a f t e r  i n t e r r u p t i o n s .  The computer s t a t u s  monitor  func t ion  
m y  be d i sab led  and enabled by s e p a r a t e  set and reset commands rece ived  from 
e i t h e r  R I U .  
Computer S t a t u s  Monitor/Safe Mode Logic. 
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9 .1 .4 .3 .4  SCA Monitor C i r c u i t s .  
The SCA rnonitor c i r c u i t  r e c e i v e s  d a t a  f r o s  p o i n t s  throughout  t h e  M P S .  This  d a t a  
i s  condi t ioned  and rou ted  t o  R I G  A o r  B ,  which sends t h e  d a t a  t o  t h e  C&DH module 
€o r  use  by the  OBC and TLM u n i t s .  SCA monitor  c i r c u i t a  c o n s i s t  of b i - l eve l  
s t a t u s  monitors  and f o u r  types  of vo l t age  monitors .  The b i - leve l  s t a t u s  monitor  
c i r c u i t  accep t s  e i g h t  single-ended b i - l eve l  i n p u t s  and s h i f t s  t h i s  d a t e  i n t o  an 
e i g h t  b i t  serial  d i g i t a l  word for  t r a n s f e r  t o  t h e  RZU. See F igure  9-8 f o r  a 
s i m p l i f i e d  c i r c u i t .  Each b i - l eve l  monitor  c i r c u i t  c o n s i s t s  of redundant 
c i r c u i t r y  which s u p p l i e s  two d a t a  words DATA A1 OLTTPW and DATA B 1  t o  RIU A o r  
RTU B. 
Voltage monitor  c i r c u i t s  c o n s i s t  of c i r c u i t r y  t h a t  conve r t s  i n p u t  s i g n a l s  of 
va r ious  l e v e l s  t o  p ropor t iona te  0 t o  5 VDC s i g n a l s  compat ible  wi th  RIrJ  i npu t s .  
Four types  of c i r c u i t s  are requ i r ed  t o  handle  t h e  d i f f e r e n t  i n p u t  signals. Two 
types  are r e s i s t i v e  networks and two types  are d i f f e r e n t i a l  a m p l i f i e r  c i r c u i t s .  
The f i r s t  of monitor ing c i r c u i t :  is  used for  BATT $1, BATT #2 and BATT 13 
Vol tages  and UNREGULATED BUS VOLTAGE. T h i s  c i r c u f t  p rovides  a 0 &o 5 VDC ou tpu t  
vo l t age  p ropor t iona l  t o  t h e  0 t o  40 VDC i n p u t .  The second type  of c i r c u i t  
monitors  t h e  SOLAR ARRAY BUS VOLTAGE and a c c e p t s  a 0 t o  125 VDC input .  The 
ou tpu t  is  1 /25  t h e  i n p u t  vo l t age  or 0 t o  5 VDC. The t h i r d  type  of c i r c u i t  
monitors  t h e  3 rd  e l e c t r o d e  vo l t age  f o r  t h e  3 r d  e l e c t r o d e  cel l  i n  each of t h e  MPS 
b a t t e r i e s  = The d i f f e r e n t i a l  a m p l i f i e r  
c i r c u i t  p rovides  a g a i n  of ayprax ina te ly  10. The a n p l l f b e r  ou tpu t  is d i r e c t l y  
p ropor t iona l  t o  t h e  3 rd  e l e c t r o d e  v o l t a g e  i n p u t  and i s  between 0 and 5 VDC. The 
f o u r t h  type of c i r c u i t  monitors  t h e  b a t t e r y  !,alance vol tage .  Ba t t e ry  balarice 
vo l t age  is determined by monitor ing t h e  vo l t age  d i f f e r e n c e  between two g r o u p  of 
e l even  cel ls  i n  t h e  same b a t t e r y .  The ou tpu t  of t h e  d i f f e r e n t i a l  a m p l t f i e r  i s  
propor t iona l  t o  t h e  vo l t age  d i f f e r e n c e  between t h e  two ce l l  groups. Thc 
a m p l i f i e r  ou tpu t  vo l t age  range is 0 t o  5 VDC w i t h  a d i i f e r e n t L a 1  i n p u t  range of 
- +0.7 v o l t s  dc. Each of t he  vo l t age  monitor c i r c u i t s  supply  ou tpu t  d a t a  t o  RIUA 
and R I U .  t o  t h e  s p a c e c r a f t  umbi l i ca l  connec tors .  
type 
For a s i m p l i f i e d  diagram see F igure  9-9. 
S igna l s  from t h e r m i s t o r s  monitor ing l o c a l  tempera tures  of t h e  PCP; PRU; 
BATTERIES; BPA; SCA; and MPS basep la t e  are rou ted  t o  t h e  SCA and condi t ioned  by 
t h e  SCA. The the rmis to r  cond i t ion ing  c i r c u i t  c o n s i s t s  of a r e s i s t o r  network 
which provides  ou tpu t s  t o  R I U A ,  RXUB and a t es t  p o i n t .  S igna l s  from t h e  c u r r e n t  
s enso r s  l oca t ed  i n  t h e  PCU are routed t o  t h e  SCA where a r e s i s t i v e  network 
p rvv ides  bu f fe red  p a r a l l e l  o u t p u t s  f o r  r o u t i n g  t o  R I U  A and R I U  B. Curren t  
s enso r  ou tpu t  tes t  p o i n t s  a r e  also routed  t o  t h e  SCA test conductor .  Hard l ine  
ou tpu t s  f oz  some c u r r e n t  s enso r s  are rou ted  t o  t h e  s p a c e c r a f t  umbi l i ca l  
connectors .  
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The Nodular Power Subsytem ( M F S )  w i l l  be capable of s a t i s f y i n g  t h e  fol lowing 
requirements throughout t h e  f u l l  d u r a t i o n  of t h e  missfan when natched t o  a 
s u i t a b l e  mfssFon unique s o l a r  a r r a y  and an  a p p r o p r i a t e  b a t t e r y  complement for 
t h e  misslon. 
Function 
Vo 1 t age 
R i p p l e  
Power Output 
O r b i t a l  Average 
Peak 
Source Impedance 
Voltage T r a n s i e n t s  
0 t o  LO mxcro sec 
Capab i l l  t y  f 
The average va lue  of t h e  MPS ou tpu t  bus v o l t a g e  w i l l  be 
w i t h i n  t h e  range 22-35 VDC (nega t ive  grounded t o  
s t r u c t u r e  a t  CGP). 
The r i p p l e  vo l t age  impressed on t h e  average va lue  of 
t h e  M P S  bus v o l t a s g e  w i l l  be leas than 1.5  v o l t s  peak- 
to-peak over  t h e  frequency range of 1 Hz t o  10 ? B z .  
1200 w a t t s  max. ( inc lud ing  peaks) 
850 w a t t s  max. a v a i l a b l e  t o  users 
250 w a t t s  min. 
2.0 KW above t h e  operating load 13.0 XU a b s o l u t e  
marfrnum) for L O  m i m t e s ,  day or n i g h t ,  once per orbit. 
T h e  maximun source impedance, not includSng ha rness  
impedance w i l l  be : 
0.10 ohms - 1 Hz t o  1 KMz 
0.15 ohms - 1 YJIz t o  20 KHt 
0.30 ohms - 2 0  KHz t o  1.00 KHz 
Load switching t r a n s i e n t s  on ehe power bus will not  
exceed t h e  fol lowing values:  
3.0 v o l t s ,  mix. 
10 micro sec t o  1.0 msec 1.0 v o l t s ,  max. 
>1.0 ms* 90.5 v o l t s ,  max. 
(wi th in  t h e  22 IIO 35 v o l t  ope ra t ion  range)  
Rete of Rise* 
Rhte of F a l l  
- (0.5 ; o l t s /mic ro  sec 
- (5 .O volts /msez 
F a u l t  Lndirced Trcznsient During abnormal t r a n s i e n t s ,  t&e spacecraf t  baris v o l t a g e  
will remain w i t h i n  t h e  range of .zero bo 40 VDC. The 





PRU Inpu t  
Volt  age 
Current 
Power 
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Capable of p rov id ing  nominal energy s t o r a g e  of 150 
ampere hours  f o r  LS-D. 
125 v o l t a s  max 
40 v o l t s  min. 
72 amperes max. 
4 amperes min. 
4500 w a t t s  aiax. 
163 watts min. 
0.0 w a t t s  min. ( e c l i p s e )  
Less than  7.5 amperes 
Peak-to-Peak, a l l  o p e r a t i n g  modes 
22-35 v o l t s  
108 amperes max.  
3600 w a t t s  max. 
Less t h a n  7.5 s n p e r e s  
Peak-to-Peak, a l l  o p e r a t i n g  modes 
1 Hz t o  15 KHz 
9.3 MPS MODES OF OPERATION --- - 
The MPS mode of o p e r a t i o n  i s  dependent upon t h e  sou rce  of power a v a i l a b l e  t o  t h e  
MPS, t h e  s t a t e  of charge of MPS b a t t e r i e s  and t h e  mission phase of t h e  
s p a c e c r a f t  (ground, f l i g h t  o r  resupply o p e r a t i o n s ) .  MPS o p e r a t i o n  i s  c o n t r o l l e d  
by t h e  ON-BOARD COMPUTER (OBC) l o c a t e d  i n  t h e  s p a c e c r a f t  C&DB module. The E'S 
r e c z i v e s  commands from t h e  OBC through R I U  and SCA i n t e r f a c e  c i r c u i t s .  These 
commands con t r31  r e l a y s  which i n  t u r n  c o n t r o l  which of t h e  fo l lowing  modes t h e  
MPS o p e r a t e s  in. 
9.3.1 POWER REGULATION MODE 
I n  t h e  power r e g u l a t i o n  mode t h e  MPS r e c e i v e s  power through one o f  two i n p u t s ,  
M A I N  ARRAY POkTER o r  GND/SHUTTLE POWER M A I N ,  depending on t h e  mission phase. 
Both power I n p u t s  are m u t e d  on to  the PCU solar  a r r a y  bus and t o  t h e  PRU i n p u t ,  
see Figure 9-3, M P S  Block Diagram. Duriiig ?IPS pcwer r e g u l s t f o n -  mode, tlie PRU 
o p e r a t e s  i n  t h e  peak Dower t r a c k i n g  =ode, v o l t a g e  l i t l i t e d  mode; o r  c u r r e n t  
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9.3.2 STANDBY AND PEAK POWER TUCKING HIDES 
When no s o l a r  a r r a y  power i s  a v a i l a b l e ,  t h e  PBU opera t e s  i n  a s tandby mode ana 
MIS power is  supp l i ed  by b a t t e r i e s .  When s o l a r  a r r a y  power i3 m a i l a b l e ,  bu t  
n o t  adequate  t o  supply t h e  load  bus the  PRU ope ra t e s  i n  a peak power t r ack ing  
mode and t h e  d e p i c t  is s a t i s f i e d  by t h e  ba t t e ry .  When tliG load  demand is  
s a t i s f i e d  any excess  power i s  used f o r  b a t t e r y  charging. In t h i s  mode t h e  PRU 
draws a t  l e a s t  95% of t h e  power a v a i l a b l e  from t h e  s o l a r  a r r a y .  When 
GND/SHUTTLE PWR M A I N  i n p u t  is  a scu rce  of ,*S power, t h e  PR; a l s o  cond i t ions  
t h i s  poyer as i t  does s o l a r  a r r p y  power. 
9.3.3 VOLTAGE LIMITED MODE 
During b a t t e r y  charg ing  pe r iods ,  t h e  b a t t e r y  vol tage  I f m i r  i s  determined by one 
of e i g h t  p re se l ec t ed  commandable vol tage- tenp2ra ture  (V/T) r i d e s  ds shown in 
Table 9-3. When t h e  b a t t e r ]  t e rmina l  vo l t age  rdaches t h e  l i m i t  corresponding to 
t h e  b a t t e r y  ope ra t ing  temperature  f o r  t h e  chosen l e v e l ,  t h e  b a t t e r y  charge 
c u r r e n t  i s  reduced ( t ape red )  t o  main ta in  t h e  b a t t e r y  vo l t age  a t  t h i s  limit. A 
t empera ture  senso r  loca t ed  on each b a t t e r y ,  a long wi th  SCA monitor  c i r c u i t s ,  
provide tempera ture  informat ion  t o  t h e  charge c o n t r o l  l o g i c .  The k l g h e s t  
t a t t e r y  vo l t age  and h ighes t  b a t t e r y  tempera ture  i s  used by t h e  c o n t r o l  l o g i c  t o  
determine t h e  b a t t e r y  vo l t age  l i m i t .  
9 - 3  -4  BATTERY POCiER MODE 
When t h e  PRU is opera t ing  i n  t h e  s tandby node, the I P S  b a t t e r i e s  provffie power 
t o  t h e  PVJ unregula ted  bu6 f o r  d i s t r i b v t t o n .  Tb.e bat:ery power mode is used 
dur ing  e c l i p s e  pe r iods  of s p a c e c r a f i  f l i g h t .  During per iods  of pa& porszr 
demand, b a t t e r y  power i s  a l s o  used t o  supplement a-xailable s o l a r  s r r a y  der ived  
power. 
9.3.5 BATTERY CHARGE MODES 
MPS 
When t h e  charging v o l t a g e  source  i s  t h e  Main Array Power o r  Ch i /S \u t t l e  PWR 
Main, t he  PRU c o n t r o l s  t h e  charging of  t h e  ba t t e ry .  Xf t h e  PRU power output  
app l i ed  t o  t h e  PCU unregula ted  bus exceeds t h e  load bus power demands, t h e  
b a t t e r i e s  The PRU c o n t r o l s  t h e  b a t t e r y  charging i n  t h e  vo l t age  
l i m i t e d  mode. I’wo o t h e r  sou rces  of b a t t e r y  charge vol tage  are GND/SIIUTTLE Pm 
DIRECT and GROUND CHARGE. These two sources  are not  c o n t r o l l e d  by t h e  PRU. 
GhQ/SHUTTLE P!?R DIRECT vo l t age  i s  routed d i r e c t l y  to t h e  unregula ted  bus and may 
be used f o r  b a t t e r y  charging and/or  d i s t r i b u t i o n  by t h e  WS. The GROLJiXI CHAXGE 
s o u r c e  i s  used € o r  b a t t e r y  charging on ly  a r d  is roared d i r e c t l y  t o  the 
b a t t e i i e s .  Using t h e  GKOUPID CHAFXE i n p u t ,  t h e  NFS t n t t e r i e s  m y  be c!iarged 
without  powering up the  t o t s 1  MPS, 
pover i n p u t s  from f o u r  sou rces  ma7 be used i n  charg ing  t h e  MPS b a t t e i i e s .  
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9.3.5.1 GroundlShut t le  Charge Mode 
Dulriig t h i s  charge  -de t h e  WPS r e c e i v e s  p o w r  fraa ORB of three i s p u t s ,  
cK’D/SIiLiTXE FUR MIIIN, GI?D/SIfllTIl,E P’MR DIRECT, o r  GROUHD GaARCE. Both 
GNIl/SHUTTLE FW = I N  and Gh?) SUUTTLE PWR DIRECT vo l t aga  &re a v a i l a b l e  only when 
t h e  PPS is on t h e  ground o r  i n  t h e  s h u t t l e .  When t h e  GNi3/SI.UTXE PFdR M A I N  i n p u t  
i s  used t h e  PRU c o n t r o l s  b a t t e r y  charging.  Pa 
no t  c o o t r o l l e d  by t h e  PRU but  t h i s  #coltage is routed  t o  t h e  batteries t h e  sa 
manner as t he  PRU ou tpu t  vo l tage .  The GROUND CHARGE i n p u t  vo l t age  is available 
only when t h e  MPS is on t h e  ground. Th i s  volt.3e is app l i ed  d i r e c t l y  to t h e  
b a t t e r y  t e r d n a l s  and is used on ly  for  b a t t e r y  charging.  The GROUND CHARGE 
volcage is not c o n t r o l l e d  by c i r c u i t s  i n  the  MYS and may be used t o  charge  t h e  
b a t t e r i e s  wi thout  powering up t h e  t o t a l  MPS.  
-
The GND/SHUTTLE PWR DIRECT i n p u t  
9.3.6 SAFE/HOI.D MODE 
When t h e  computer s t a t u s  monitor  c i r c u i t  i n d i c a t e s  a computer anomaly, l o g i c  
c i r c u i t s ,  l oca t ed  i n  t1.e SCA, comaand t h e  MPS i n t o  3 SafeIHold =de of 
opera t ion .  The MPS Safe/Hold m d e  c o n s i s t s  of t h e  b a t t e r y  charge c o n t r o l  l o g i c  
bsing commanded t o  t h e  vo l t age  -de, bo:h power c racke r s  @N, t h e  c u r r e n t  node! 
i n h i b i t e d ,  and V/T Level  1 s e l e c t e d  (for a previous ly  commanded V/T Level  of 4 
or less) o r  V/T Level  5 s e l e c t e d  ( fur  3 p r e v f o w l y  cor~mernded V/T Level  I >5). 
3 - 4  CONSTRAINTS 
9 . 4  .I MBS 1F:IT‘CALIZATION CONSTUINTS 
VoItage/Tmper.-.ture (VI’T) curve  f o r  injt ta l  bfPS opera t ion  must be Level  9. 
9. 8.2 MPS TELEPlETRY COtGSTRAINTS 
TBD 
a - 4 . 3  M P S  COWAND ceNsrwms 
TBD 
9 .4  - 4  MPS TEPIPEUTURE CONSTRAINTS 
Bat t e ry  tempera ture  s h a l l  no t  be allowed t o  exceed 35 degrees c e n t i g r a d e  
9.4 -5 MPS OPERATIOB MODE CONSTRAINTS 
1. I f  pny  b a t t e r y  t e rmina l  v o l t a g e  bs less thar. c ground progi-armable 
r e fe rence  vo l t age  (recomtrinded 1.10 v o l t s  p e ~  cell 24.2 v02.t~) f o r  
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9.5 e I REGULATORS 
Theke at? s i x  swi t ch ing  power modules, each w i t h  two p a r a l l e l e d  elements  withir!  
t h e  r e g u h r o r .  The system can  s u f f e r  t h e  l o s s  of up t o  two of t he  elements  and 
s t i l l  achieve mission du ra t ion .  
9.5.2 BATTER1 ES 
There are t h r e e  b a t t e r i e s  i n  t h e  M P S .  One b a t t e r y  can be lost and s t i l l  meet 
f u l l  mi s s ion  requirements .  With one b a t t e r y  func t ion ing ,  t h e  SC w i l l  be 
o p e r a t i o n a l  w i th  l i m i t e d  mission c a p a b i l i t y .  
9.5.3 IM OUTPUT. BUS 
The PM ou tpu t  power is d?.vided i n t o  two power buses ( A  B u s  and B The A 
power bus s u p p l i e s  power t o  t h e  A s i d e  of t he  WBS, TM/E?SS and t h e  PDU. The B 
power bus s u p p l i e s  power t o  t h e  B s ide  of t h e  R B S ,  TM/MSS and Figure 
9-10. 
Bus). 
t h e  PDU, 
LSD-WPC-263 
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9.6 COMMAND 
MYS commands and d a t a  are s e n t  to/from t h e  MPS using two methods, h a r d l i n e  and 
mul t ip l ex  d a t a  bus (!+DE). Spacec ra f t  mlss ion  phase determines which method i s  
used. Hard l ine  commands and d a t a  are used t o  c o n t r o l  t h e  WS dur ing  t a s t i n g ,  
pre-launch, and supply  and r e t r i e v a l  ope ra t ions .  During s p a c e c r a f t  f l i g h t ,  
commands and d a t a  t r ansmi t t ed  v i a  te lemet ry  a r e  r ece ived / t r ansmi t t ed  by t h e  
s p a c e c r a f t  C&DH module and s e n t  to/from the  F P S  over  t h e  mul t ip l ex  d a t a  bas 
(MDB). The h a r d l i n e  commands and d a t a  t a k e  the place  of  command and d a t a  
t r ansmi t t ed  by te lemet ry .  I n  t h e  h a r d l i n e  method, each p iece  of d a t a  and each 
command has  an independent wire routed from t h e  MPS module/spacecraf t  i n t e r f a c e  
connector  through t h e  M I S  haroess  t o  t h e  umbi l i ca l  connectors .  
Communications wi th  t h e  C&DH-ta<sdule v ides  t h e  second method of 
cendfng/ rece iv ing  commands and da ta .  RIU #3 provides  the MPS i n t e r f a c e  wi th  the  
MDB as descr ibed  i n  t h e  fo l lowing  paragraphs. Xn-f l ight  telemetry d a t a  is  
p r imar i ly  l i m i t e d  t o  those  f u n c t i o n s  necessary  t o  determine subsystem 
conf igu ra t ion  and abnormal or  emergency MPS c o n d i t i m . ~  and to  commands requi red  
f o r  MPS c o n t r o l  and ope ra t ion .  
-- 
9.6.1 R I U  INTERFACE 
The RIU's provide a two d i r e c t i o n  i n t e r f a c e  f o r  cmmand and T e l e m e t q  d a t a  
t r a n s f e r  between t h e  WS nnd CdOif module. The WS RLU interfaces with the  
mul t ip l ex  d ~ t n  bus (PUB), uhich is rout..cd through the  bLYS harness  t o  t h e  CGDH 
module where t h e  c e n t r a l  u r r i t  (CU} provides  access  t o  the  oa-bJard computer. 
Che PfDB consist:: of tuo pairs of redundant p a r t y  lines, supervfsoky and r ep ly .  
Informat ion  is sent front t h e  CU t o  the PPS RLIJ'a over redundant superv isory  
l i n e s ,  and informat ion  is s e n t  from t h e  MPS RIU's to Btie CU ove r  redundant r e p l y  
l i n e s .  Each PPS RIU has  i t s  own unique address .  Upon r ecogn i t ion  of i t s  
addres s ,  the  RLC swi tches  from standby t o  o p e r a t i m a l  mode and r ece ives  da t a .  
The R I U  conve r t s  t h i s  d a t a  i n t o  d i s c r e t e  r e l a y  and logic c i r c u i t  commands. Each 
R I U  provides  64 d i s c r e t e  commands. RIU's r e c e i v e  versous types  of d a t a  which 
are acquired from throughout  t h e  MPS and condi t ioned  by the  SCA. 
The K I U ' s  process  t h i s  d a t a  and send i t  i n  a n ine  b i t  r e p l y  word format over  t h e  
redundant rep ly  l i n e s  t o  the  CU. Sending of d a t a  t o  s h e  CU i s  c o n t r o l l e d  by t h e  
CII with  informat ion  s e n t  over  t h e  supe rv i so ry  l i n e  t o  t h e  RIU's .  The CU 
d i s t r i b u t e s  d a t a  f o r  t r a n s m i t t i n g  v i a  t e l eme t ry  a d  use  by the  OBC. For 
d e t a i l e d  informat ion  on t h e  R I U  r e f e r  t o  t h e  Data Fmmat Con t ro l  aook Volume 11 
and 111 (Telemetry and Command) r e s p e c t i v e l y .  
9 -6 - 2  DISCRETE COMMANDS 
Discrete cornrands a r e  t r a n s d t t e d  from rhe grvund o r  by the OBC v i a  P,TU 83,  The 
cominands e.re l i s t e d  i n  Table  9-1 a long  with R I U  c nnel number, ccmpleaentary 
and p r e r e q u i s i t  commairds, and t h e  te lemet ry  verifica 0 1 1  p c i n t s .  The teLericery 
v e r i f i c a t i o n  is f i s t e d  by User I D ,  ma t r ix  l o c a t i o n  Jfcolunn, row), b i t  l o c a t i o n  
and bit s t a t e .  Data Format Cont ro l  Books 11 ( t e l m e t r y )  and I11 (command) 
LSD-WC-263 
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c o n t a i n  more s p e c i f i c  in format ion  on command and te lemet ry  f o w t .  F i p r e s  9-11 
through 9-15 show t h e  commands i n  '7gic diagram form. Note that  for tho  logic 
diagrams i n  t h i s  s e c t i o n  t h e  swi t ch ing  p o i n t s  arc not neceseatily r e l a y  c c n w o l a  
but  m y  be Trnns is toP-Trans is tor  Logic c i r c u i t  or o t h e r  s o l i d  state devices .  
The t@leEt?try v e r i f i c a t i o n  p o i n t s  g ive  t h e  te lemet ry  User I D  and i t s  b i t  
p o s i t i o n .  See s e c t i o n  9.6 f o r  telemetry. 
9.6.2.1 Power Regulator  V/T Commands 
The r e g u l a t o r  s e r v e s  t o  c o n t r o l  the  charge c u r r e n t  eo t h e  batteries. To prevent  
overcharge ,  t h e  b a t t e r i e s  are allowed t o  reach  a maxiaturn vo l t age  a8 A func t ion  
QE temperature  by t ape r ing  t h e  charge c u r r e n t  when t h i s  vo l t age  Is reached. 
Eight  vo l t age l t empera tu res  curves  8s shorn in Table 9-2, are s e l e c t a b l e  by 
commnd t o  allow op t imiza t ion  of charge based on b a t t e r y  ce l l  c h a r a c t e r i s t i c s .  
This  c o n t r o l  is accoapl i shed  by conver t ing  t h e  vo l t age  and temperature  
parameters  t o  a s i g n a l  v o l t q e  which is used t o  r e g u l a t e  t h e  b a t t e r y  vol tage  
l i m i t .  
A "safe-mode" c o n f i g u r a t i o n  is implemented through t h e  m e  of i n t e r n a l l y  
genera ted  s i g n a l s  having the same e f f e c t  a8 commonds "RESET M, VA, VB" and 
"RESET I h ,  IB". T o  i l l u s t r a t e  t h e  c f f e c t  af  thet:a camamtada, r e f e r  t o  list of 
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Table 9-2. Voltage Control Level Current Control 
















RESET IA, I B  
$ET IA 
SET IB 
No ts : 
0 = SET 
1 - RESET 
b. Voltage control l e v e l  select 
I 1 i CURVE 
c. Current control l e v e l  s e l e c t  and fault detector s t a t e  
- -  - - - 
STA TUS 
M I A  13 _1 OT’l3R-A TIONA L MODE 
* I  1 
0 0  
0 0  
0 1  
0 1  ** 1 0 
** 1 0 
** 1 1 








C u r r e n t  mode  and t r a c k e r  2 inhibi ted 
C u r r e n t  mode and A 14 V/ T c o n t r o l  i nh ib i t ed  - * 
C u r r e n t  mode  ana A 15 V/T c o n t r o l  i nh ib i t ed  
C u r r e n t  mode  and .A 17 V/T c o n t r o l  i nh ib i t ed  
C u r r e n t  mode enabled,  curretrt = . 7 5  amps 
C u r r e n t  mode  enabled, c u r r e n t  = 1 . 5  amps 
C u r r e n t  mode enabled,  c u r r e n t  = 3.0  amps 
* Deno tes  power up state and  safe mode st.zte 
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9.7 TELEEIETRY 
RIU #3 provides  t h e  t e l eme t ry  i n t e r f a c e  between t h e  MPS subsystem and t h e  CLDH 
subsystem. Four types o f  t e lemet ry ,  ser ia l  d i g i t a l  ( S ) ,  b i l e v e l  (B), pass ive  
ana log  ( P ) ,  and ana log  ( A )  a r e  procesbed by R I U  03 and s e n t  t o  the ChDH STACC CiJ 
v i a  the  H D B .  Table 9-3 provides  a l ist  of te leae t t ry  p o i n t s  a h n g  wi th  User I D ,  
RIU channel  addres s  and message ma t r ix  loca t ions .  See t h e  Cata Format Cont ro l  
Book Vol. 11. (Telemetry)  f o r  s p e c i f i c  d e t a i l s  about  t e l eme t ry  format. For 
in format ion  r zga rd ing  c a l i b r a t i o n  cu rves  f o r  t h e  te lemetered  f u n c t i o n s ,  see 
Appendix A . 9 .  
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, %.0339 - Solar  Array Power Cisconnect Relays Close 
( ) - TLM V e r i f i c a t i o n  (User ID 4 Bit Number) 
F i g u r e  9-11. Main Array Power Comm;sazCi Zontrol 
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Bat te ry  1 On Charge 
Bat te ry  1 O f f  Charge 
Bat te ry  2 On Charge 
Bat te ry  2 O f f  Charge 
Bat te ry  3 Cn Charnr! 
Bat te ry  3 O f f  Charge 
Bat te ry  3 Thermzl SW Reset 
Bat te ry  3 Thermal 514 S e t  
Bat te ry  2 Thermal SW Reset 
Bat te ry  2 Thennal SW Se t  
Bat te ry  1 Thermal SW Reset 
Bat te ry  1 Thermal SW Se t  
Bat te ry  1 B 3 P D  Relay Close 
Bat te ry  2 PD Relay Clcse 
TLM Veri f tca t ion  (User ID, B i t  a )  
.* HARDLINE C!4D 
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t 
0309 - Heater A r m  
0910 - Heater 9isarm 
0326 - Auto Heaters On/Off Reset 
0327 - Pkto  Hrateys OnfOff Set  
032" - Heater Thermostat  2 Bq,Jars Rese: 
0323 - Heater Thermcstat  2 Bypass S e t  
E324 - Hcater , ' hemos ta t  1 Bypass Reset 
6325 - Heater Themoqta t  1 Bypass Se t  
{ ) - TLM V e r i f i c a t i o n  (User ; 7 9 ~ i t  #) 
TA-2 
TA-1 
Figure 9-13. He-iter Power C i t x i t  C o m n d a  
9-40 
I - .  



















0307 - Instrument Fuse/Power Disconnect RIU B Amed 
6308 - Instrument Fuse/Power Disconnect R I U  B Disarmed 
0336 - Instrument Module Bus B Enable 
0337 - Instrument Module Bus E Disable - 
( ) - TW Verification (User ID 9 Bit Number) 
Figure 9-14. Payload Power Conmnda 
IM BUS A 7 
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Figure 9-15. Solar  Array Power Dfsconiiect CKT 
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SOLAR ARRAY DRIVE AND POWER TRANSMISSION ASSEMBLY (SADAPTA) ----- 
10.1 FUNCTIONAL DESCRIPTION 
The ShDAPTA provides  t h e  fol lowing func t ions  : 
- 
1. Reta in  t h e  r o t a t a b l e  solar a r r a y  t9 t h e  Ins t rumen ta t ion  Module. A 
solar a r r a y  s h a f t  euppor t s  t h e  s l i p  r i n g s ,  and provides  t h e  i n t e r f a c e  
wi th  s o l a r  a r r a y  j e t t i s o n  assembly. A housing assembly suppor t s  t h e  
d r i v e  modules, t h e  s l i p  ring assembly, t h e  solar a r r a y  s h a f t ,  and 
provides  t h e  i n t e r f a c e  wi th  t h e  Instrument  Module s t r u c t u r e .  
2 .  R o t a t e  the s o l a r  a r r a y .  Two redundant d r i v e  modules i n t e r f a c e  wi th  t h e  
PDU. They r o t a t e  t h e  s o l a r  a r r a y  a t  0, 1, 2 o r  3 times o r b i t a l  rate 
(3.7o0/ninute).  
3 .  T r a n s f e r  electrical  power and s i g n a l s .  A s l i p  r i n g  assembly t r a n s m i t s  
e lec t r ica l  power and s i g n a l s  a c r o s s  t h e  r o t a r y  j o i n t ,  and provides  
s h a f t  p o s i t i o n  s i g n a l s .  The s l i p  r i n g  assembly i n t e r f a c e s  w i t h  t h e  
subsystems de f ined  i n  Paragraph 10.1.2. 
4 .  I ~ d i c a t e  a n g u l a r  p o s i t i o n  of t h e  s o l a r  a r ray  ( p o s i t f e n  potent iometers  
and swi t ches  i n t e r f a c e  w i t h  the 1;W and d e f i n e  angular p o s i t i o n ) .  
E x h  d r i v e  module c o n s i s t s  of 3 s t e p p e r  motor, e speed rcducer ,  ct s p r i n g  c l u t c h ,  
and a s p u r  g e a r  p i n i o n  i n  mesh wi th  a conuon gear of the two d r i v e  modules ( s e e  
Figure  10.1-1). Figure  10.1-2 shows t h e  S o l a r  Array Drive Logic Block Diagram. 
The s l i p  r i n g  assembly c o n s i s t s  of a s l i p  r i n g  r o t o r  aounted on the s o l a r  a r r a y  
s h a f t ,  two redundant p o s i t i o n  i n d i c a t o r s  mounted on t h e  s h a f t ,  and brush and 
wiper blocks  mounted on  t h e  housing. 
L SD- WP C- 26 3 
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m I SADAPTA 1 
Figure 10.1-1. SADAPTA Functional Block Dtagrsm 
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SH A " A T  I N D E X "  SIC, A 
SEJ B " A T  INDEX" SIC 
UJ UMBILICAL PIL .OFF 
Figure 10.1-2. SAD Logic Block i?!.ccgr3..rr 
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10.1 *I, MECWICAL INTERFACES 
The SADAPTA i n t e r f a c e s  meciianically wi th  t h e  Ins t rument  Module (IN) s t r u c t u r e  
and t h e  s o l a r  a r r a y  j e t t i so t  assembly. 
10.1.2 LLECTRICAL INEWFAL'ES 
The SADAPTA i n t e r f a c e s  e l e c t r i c a l l y  wi th  t h e  fol lowing F l i g h t  Segment 









Power D i s t r i b u t i o n  Uni t  (PDU) 
S o l a r  Array Re ten t ion ,  Deployment, J e t t i s o n  dlssembly (SARDJA) 
S o l a r  Array Assembly 
Coarse Sun Sensor  (CSS) AsseiDbly 
S igna l  cond i t ion ing  & Cont ro l  Unit  (SC&CU) 
Modular Power S u b s y s t m  ( M P S )  
Modular A t t i t u d e  Cont ro l  Subsystem (MACS) 
Remote I n t e r f a c e  Uni t  ( R I U 7 )  
10.2 PERFORMANCE CAPABILITIES 
10.2.1 ROTATION AND STEP ANGJE 
1. The SADAPTA d t r e e t l o n  of r o t a t i o n  is CLOC'XI%SSE when viewed Prom t h e  
S o l a r  Array. 
The SADAPTI: s h a f t  step ang le  i s  0.@030ES7° -4- 5 percent. non-cunuJ-ative 
p e r  i n p u t  pu l se ,  and 116, 605  +400/-1?k pul.ses f o r  a f d l  350' 
r o t a t i o n  a f t e r  t h e  f i r s t  12000 pulses  have f u l l y  engaged t h e  wrap 
s p r i n g  c l u t c h .  
2. 
10.2.2 STEP RATE, PULSE WIDTH AND SEOUEMCING 
The s t e p  r a t e  of t h e  SADAPTA is  approximately 20, 40, o r  60  pu l ses  pe r  second 
(pps )  w i t h  p u l s e  wid th  of 0.015 second and d e t e n t  c u r r e n t  of 23.5 ua minfmum 
when f u l l  c u r r e n t  is removed. Change oE s t e p  rate i s  i n  increlnents  of 
approximately 20 pps w i t h  a minimum of 60 s t e p s  a: each s t e p  rate. The DC supply 
t o  t h e  d r i v e  e l e c t r o n i c s  is 28 4-5, -6 .5  VDC. 
LO -2.3 SLIP R I N S  ELECTRICAL CIRCIlITS 
The SADAPTA has 40 s l i p  ring c i r c u i t s .  
10.2 * 4  AWAY POSITIOt? IhgICATOTOR 
T h e  SADAPTA provides  two rcdun6ant p0fiitrlo-1 i n d i c a t o r s  erch cons:.sting of a 
conduct ive p l a s t i c  type  p o t e n t i o m t e r  and a segraented s v i t c h .  Tie GliCput of the 
pctcn t iometer  and segmented swi tch  is  as shown i n  F igure  10.2-1. 
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10.2.4.1 Potent iometer  
.'he i n d i c a t o r  p o s i t i c n  po ten t iome te r  hen t h e  fol lowing c h a r a c t a d s t i c s :  
360Q cont inuous 1. Mechanical Range - 
2. E l e c t r i c a l  Range - 360' cont inuous 
OV h C5V +- 0.005V - 3. E x c i t a t i o n  - 
4. L i n e g r i t y  - 
(360 Base) 
C0.4X fron IOo t o  170' and from 190° t o  350' 
F0.74: - from 170' t o  190' and from 350' t o  10' 
i nc lud ing  a 1-ignment t o l e r a n c e  between 
potentlome c e r s  . 
10.2.4.2 Segmented Switch 
The segmented sv*.tch has  t h e  fol lowing c h a r a c t e r i s t i c s :  
?. . Switch Open - From 0' t o  180' 
2 .  Switch Closed - From 180' to 360' 
3 .  Switching Accuracy - - +1.5O 
4 .  Inpu t  Voltage - +5v 
10.3 MODES OF OPERATIOWS --
The SADAPTA modes a r e  s e l e c t e d  according t o  t h e  fol lowing mission phases: 
Launch Phase - Zero r o t a t i o n  r a t e  
In-Orbit  Phase - Zero, Wo*, 2XWo, and 3xWo r a t e s  can be cozmanded i n  a n  
open loop mode, o r  c o n t r o l l e d  by t h e  PDU i o  a c losed  
loop mode us ing  t h e  coazse sun senso r s  ( p o i n t i n g  
accuracy = 5 7 O ) .  
O r b i t  Adjust  - Zero r a t e  during the  o r b i t  a d j u s t ,  and 3xWo r a t e  
du r ing  a r r a y  slews a f t e r  t h e  o r b i t  a d j u s t  
w i l l  be commanded. 
%Orb i t  Rate  approx. 3.6'/min 
10-6 
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Safehold - a j  I n e r t i a l  - d r i v e  at 2 Wo u n t i l  t h e  index p o s i t i o n  i s  
obta ined ,  t hen  remain a t  zero.  (Not planned for use  on 
Landsat-D but  is  a v a i l a b l e  if command s e l e c t e d .  
b) Earth Sensor  - ze ro ,  Wo and 2xK0, us ing  t h e  cockrse 
sun sensors. 
10 - 4  CONSTRAINTS 
1. S o l a r  a r r a y  release is  to  be i n i t i a t e d  by the  OBC. A f t e r  s e p a r a t i o n ,  
t e l eme t ry  i s  sampled two consecut ive  tines and t h e  SA is r e l e a s e d  by 
t h e  OEC v i a  t h e  SC&CU. Confirmation of t h e  Solar Array deployment must 
be  r ece ived  i n  20 minutes  o r  t h e  OBC w i l l  r e i n i t i a t e  t h e  deployment 
sequence over  t h e  "B" l i n k .  
2. During O r b i t  Adjus t  rocke t  f i r i n g ,  t h e  SA must be a l igned  i n  t h e  p l ane  
of the  t h r u s t  v e c t o r ,  278O +so (approximately noon p o s i t i o n ) .  
3 .  The SAD o p e r a t i o n  is  t o  be cons t r a ined  as follows: 
a. The SAD is  t o  be d r iven  open loop a t  a cons tan t  rate when t h e  TM 
i s  imaging dur ing  the  day.  The T M  j i t t e r  caused by a change of 
t h e  SAD r a t e  w i l l  require rpproxirnately two minutes f o r  the 
j i t t e r  t o  be reduced t o  Gn e c r e p t a b l e  l eve l .  Eencc, 65 t h e r e  Ps 
a ra te  change of the SAD d u r i n g  the  day, Lhc imaging w i t h  t he  TM 
must be d iscont inued  f o r  two minutes  bryoitd t h e  Shn rote change 
per iod .  
b. There cannot  be any change i n  t h e  SAD rate w i t h i n  two minutes 
from t h e  s t a r t  of t h e  imaging by t h e  TE dur ing  t h e  dPy. 
c. The SAD r a t e s  can change by only one t i m e s  t he  orb i  . -  a n g u l a r  
ra te  w i t h i n  a two minute per iod  TM inraging a t  n igh t  (ii.g., 1X t o  
2X o r  2X t o  3X b u t  not  1X t o  3X). 
The SA pos i t i on ing  l o o p  must be c losed  dtaring slews once p e r  
t o  e l i m i n a t e  open loop  d r i f t s  of t h e  salar a r r a y  t o  t h e  sun. 
d .  day 
10.5 REDUNDANCY 
See F igure  10.5-1 f o r  d e s c r i p t i o n  of t h e  redmdancy raf SADAPTA i n t e r f a c e s .  
, 
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10.6 COMMANDS 
A description of SADAPTA comnands w i l l  be provide& i n  t h e  PDU Commitid Directory, 
Paragraph 11.6. 
10.7 TELEMETRY 
A description of SADAPTA telemetry w i l l  be provided i n  the PDU Telemetry 
Directory, Paragraph 11.7 e 
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The Power D i s t r i b u t i o n  Unit (PDU) is  a component of t h e  electrical system o f  t h e  
L a n a - a t  D Instrument  Module (114) and,  as  such, con ta ins  the e l e c t r o n i c s  
neces.;ary t o  provide for t h e  f u n c t i o n s  of s o l a r  array and boom deployment, end 
s o l a r  a r r a y  d r i v e .  The PDU e l e c t r o n i c s  is  involved i n  t h e  s a t e l l i t e  o p e r a t i o n  
i n  a l l  s p a c e c r a f t  o p e r a t i o n a l  modes: i n i t i a l  a c q u i s i t i o n ,  o r b i t a l  and S a f e  
Hold 
11.1 PDU FUNCTIONAL DESCRIPTION 
The f u n c t i o n  of t h e  PDU i s  to :  
-
1. D i s t r i b u t e  and switch power among electrical  systems of t h e  IM wi th  
t h e  e x c e p t i o n  of t h e  Wideband Communications Subsystem (WBCS) . 
2 .  P r o t e c t  ele-ctrical busses  in t h e  IM with the excep t ion  of t h e  WBCS. 
3 .  Provide autclnomous c o n t r o l  and d r i v e  e l e c t r o n i c s  f o r  s o l a r  a r r a y  and 
TDRS Past dep loymen t / r e t r ac t ion  and s o l a r  a r r a y  d r i v e  motors. 
4 .  Provide IPI Safe  Hold Mode Control .  
5. Switching of h e a t e r  loeds Under t h e  cailtrof o f  remote e l e c t r o n i c  
t h e r a m  tats. 
6 .  Provide r egu la t ed  vo i t agc  power t o  tlie h c e r n a l  PDU e l e c t r o n i c s  as 
w e l l  as t o  s p e c i f i e d  e x t e r n a l  e l e c t r o n i c s .  
The PDU also prov ides  block redundancy of t he  power s u p p l i e s ,  motor c o n t r o l  and 
d r i v e   circuit^, PCD Fonna t t e r  and SAFE-HOLD E l e c t m n i c s .  See S e c t i o n  20 f o r  
Payload Cor rec t ion  Data (PCD) subsystein descriptiorn.  
LSD-WPC-263 
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Figure  11.1-1 shows t h e  IN ou tpu t  bus. It s u p p l i e s  28 Vdc t o  t h e  P/L bus A l ,  
B1 ,  t o  t h e  IN bus A 2 ,  B2, and t o  t h e  WBCS. Figure  11.1-2, PDU Block Diagram, 
shows t h e  PDU component f u n c t i o n s  and t h e i r  i n t e r f a c e s .  
11. f -1 PRIMRY POk'ER SM'TCFIKBG 
Unregulated bus power i s  d i s t r i b u t e d  by t h e  PDU t o  t h e  loads  i d e n t i f i e d  in Table 
11.1-1. 
Power f o r  each of ehese loads  is provided wi th  f u s i n g  f o r  bus p r o t e c t i o n .  These 
l i n e s  a l s o  i n c l u d e  swi t ch ing  where i n d i c a t e d ,  p r imar i ly  as Enable/Dissble 
c o n t r o l ,  with t h e  excep t ion  of R I U  6, 7 and 8 ,  which rernain powered cont inuously 
through t h e  PDU. Except f o r  RZlJ's, where A 2nd B loads are l i s t e d ,  only one of 
t h e  two o u t p u t s  w i l l  draw power a t  m y  one t i e .  
Switching c o n t r o l  is e x e r c i s e d  by use of ground commands wi th  f u r t h e r  c o n t r o l  o f  
s e l e c t e d  loads by t h e  Safe-Hold e l e c t r o n i c s  and by use of t h e  wPayloads Off" 
s i g n a l  ( h a r d l i n e )  o r  command. 
The loads  checked i n  t h e  Payloads OFF column of Table 11-1-1 are simultaneously 
d i s a b l e d  by t h e  r e c e i p t  of a "Payloads O f f "  command. The Safe-Hold e l e c t r o n i c s  
a l s o  has t h e  c a p a b i l i t y  t o  s imultaneously d i s a b l e  t h e s e  loads.  
Te3.emetry s i g n a l s  i n d i c a t i n g  status f o r  sv lcching  Elmctions are l i s t e d  in the 
Telemetry Directory.  
ISD-hTC-2 6 3 
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Table 11.1-1. Primary P o w e r  Loads 
LOAD DESLXXPTLON SOUR.cE BUS SWITCHING PAYLOADS OI: - 
'I'M POWER SUPPLY A 
TM POh%R SUPPLY B 
TM SMA H'R? 
TM FUSE LINKS 
NSS POWER SUPPLY A 
MSS POGER S U P P L Y  B 
MSS FT TLM 
R I U  6 A 
R I U  6 B 
R I U  7 A 
R I U  7 B 
R I U  8 A 
R I U  8 B 
S-BAND A 
S-BAND B 
USS NTR 2 A 
USS HTK 2 E 
GPS 
YSS I/F BTK 2 
BOOM HINGE HTRS 
M HTR 
PDU PS A 
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11 -1.2 BUS CONFIGURATION 
" P r i ~ ~ a r y "  o r  "A" s e c t i o n s  of block redundant subsystems (TM, MSS, RIU, S-Band 
Xmtrs, Deploy MoCors) are powered from a +28 VDC B u s  A .  "C" s e c t i o n s  of b lock  
redundant subsystems are powered fron a 4-28 VDC Eus 1. "P'ha Payload (P/L)  Bus is  
des igna ted  as Bus 1 and t h e  IM Bus as Bus 2.  
Power r e t u r n  f o r  Bus 1 i n p u t  and loads  are s e p a r a t e  from BUS 2 frrput 2nd loads.  
Non-redundant o u t p u t s  (GPS, IM h e a t e r s )  are powered through d iode  "OR" g a t e s  
from both  buses (see F igure  11.1-3). 
Bus nomenclature i s  shown in Figure  il,,1-3. An output  bus c r e a t e d  by "ORing" an 
A o r  B bus is i n d i c a t e d  i n  Table  11.1-1 By t h e  double  p r e f i x  AB. The "Spare" 
loads  are connectab le  t o  A2 o r  .B2 by a command c o n t r o l l e d  r e l ay .  
f28V, BUS A1 TM A Components 
MSS A Ccmponents 
+28V, BUS AB1 Non-redundant 
TM h MSS Components 
+28V, BUS B1 ---- ---I- > TM B Colnponents 
?SSS B CmpancnCa 
+28V, BUS A2 IM Subsystems A Con?potents 
+28V, BUS AB2 Pion-redus&> n t  
ZM subsys tons 
+28V, BUS 8 2  IM Subsystems, B Components 
F igu re  21.1-3. +28 V BUS Nomenclature 
3.1 1 - 3  SOLAR W Y  DRIVE ( S A D )  MOTOR CONTROLS 
Redundant S A D  motor c i r c u i t s  are provided t o  p u l s e  redundant s t e p p e r  motors ased 
f o r  a r r a y  r o t a t i o n .  A & c o i l  motor is powered i n  s i n g l e  phase s e q u a n t i a l  
e x c i t a t i o n .  The motor c o n t r o l  c i r c u i t  is capable  of i n i t F a t i n g  t h e  sequence by 
command and is incapable  of r eve r s ing  t h e  sequence. The SAD motor cont rc l .  
c i r c u i t  is capable  of pu l s ing  t h e  motor a t  3 integer m u l t i p l e  rates ( L - f i n e i  as 
W , 2W These rates are 
s8lectgbl .e  by command. The 3W0 ra te  is 17378 92, -I c y c l e s  of t he  1.024 M z  
{RIL;) c lock  per  ou tpu t  pu lse .  
s o l a r  
and 3Wo) and i s  a l s o  designed t o  not  pulsre ( ze ro  rate). 
The motor c o n t r o l  l o g i c  3s designed t o  ? rov ide  ze ro  rz:e I n  eha ahsirncc cf a 
"SA-Deployed" s i g n a l .  If this signal is :lot preser't ,  the  control Lct&ic WL2.1. 
executf. r a t e  commands if an o v e r r i d e  has been i n d i c a t e d  by the  r e c e i p t  of a 
s p e c i f i c  command provided €o r  t h i s  purpose. A t  i n i t i a l  power t u r n  on, t h e  l o p i c  
11-6 
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is  preset a6 i f  t h e  o v e r r i d e  command had been received.  The i n h i b i t  l o g i c  is 
designed t o  be enabled (i.e., hold ze ro  rate i n  t h e  absence of "SA-Deployed" 
s i g n a l )  by a s i n g l e  ground cotwand. Telemetry p o i n t s  t o  i n d i c a t e  rats and 
i n h i b i t 6  o v e r r i d e  s t a t u s  sire l i s t e d  i n  t h e  Telemetry Dtrectory.  
I n  t h e  Safe Eold node, t h e  sills mtor CCJntrol c i r c u i t s  will respond oaly t o  Lhe 
c o n t r o l  of the  SAFE-HOLD c i r c u i t s  u n t i l  r e c e i p t  of o s p e c i a l  coimand which 
r e t u r n s  t h e  SAD.to aornral coarm;..nd c o n t r o l  and sets zero rate. 
11.1 -4 DEPLOYMENTS 
Redundant deployment motor c i r c u i t s  are provided t o  p u l s e  redundant s t e p p e r  
weors used for s o l a r  a r r a y ,  boom lower ( root )  hinge and boom upper hinge 
deployment and r e t r a c t i o n .  The & c o i l  motor i o  powered i n  single phase 
e x c i t a t i o n .  The motor phases are pulsed a t  2 rate of 8687 5 1 p u l s e s  of t h e  
1.024 Mlz c1oc.b p e r  o u t p u t  pulse .  The motor control c i r c u i t  56 capab le  of 
i n i t i a t i n g  t h e  same sequence, f o r  each motor, by command. The motor c o n t r o l  
c f r c u i t  16 capable  of i n i t i a t i n g  a "reverse"  sequence, by couunand o r  by 
hard l ine .  Table 11.1-2 lists t h e  sequence c o n t r o l  aowrce f o r  t h e  deployaent  
motors. 
Table 11.1-2. Normal Sequence Control Source 
CONTRCL SOURCE TERE.IX NATSOf? S IGUAL '-1 
STEPS 
s n p s  
C O M t W  C O i W D  (two requ i r ed  99 WIKGE DEPLOYEM-2048 1 
1 5 E F S  I 
I 1 
The PDU provides  e l cc t l ron ic  h e a t e r  c o n t r o l  c i r c u i t s  for the six ( 6 )  sets of In 
h e a t e r s  l i s t e d  below. One set of h e a t e r  c o n t r o l  d r c u i c s  is i l l u s t r a t e d  i n  
Figure 11.1-4. 
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11.1 .B RECULATEI) VOLTAGE POUEK 
I 1  . I  .6.1 I n t e r n a l  
11 . 2  * 1 VOLTAGE D R O P  
T o t a l  vo l t age  d rop  between PDU inpu t  connec tors  ( f o r  MPS unregula ted  p w 0 r )  and 
t h c  outpu: connec tors  which inc ludes  both  t h e  p lue  and r e t u r n  wi r ing  ie ahown 
above. Solta,,e drop l i m i t  a p p l i e s  when e l l  o u t p u t s  arc f u l l y  loaded to  W O r 8 t  
case low l i n e  l e v e l s .  A l l  o u t p u t s  means only  orv. block of redundant l oads  (A or 
B black) .  
11.2.2 UMREcL1uTED POWER BUS Zh:?rmtwZr; t ics  of t : a  u:iroqd,ct,m(! ?oin?p bus apt- 
S @h7l ii: ’Pn’’?.C? ? 1,Z-l. 
Table 11.2-1. Unregulated Power Bus 
Voltage:  
Maximum Dynamic Impedance 
Average v o l t a g e  21.3 t o  35 VDC 
0.10 ohms - 1 Hz t o  1 kHz 
0.15 ohms - 1 kHz t o  20 IcHz 
0.30 ohins - 20 kHe to  100 kHz 
I e Voltage Trans i en t s .  22-35 VDC excep t  f o r  n o m o l  T r a n s i e n t s  or  F a i l u r e  Modes. 
Normal Trans i en t :  
The bus vo l t age  w i l l  r e w i n  w i t h i n  t h e  range 
+3.0 Volt 0 t o  10 usee  
+ l . O  Volt 10 UBCC t o  1.0 msec 
- 
- 
Step  Changes: 
5 v o l t a  maximum vo l t age  change 
Rate of Rise (0.5 Vol ts /usec  
Rate  of F a l l  55.0 Volts/msec 
- 
Abnormal Voltage Trans i en t6  ( F a i l u r e  Mode): 
Down t o  0 Volt o r  up  t o  40 Vol t5  per  500 maec. 
Q Voltage Ripple .  Less then  750 mv, peak-to-peak, 1 HE t o  10 MHe. 
LSD-b;P C-2 6 3 
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11.2.3 SECONDARY REGULATED POWER OUTPUTS :, dasc r i? t l on  of t:ie sccondar:? re- i lc ted 
yy,:er 9,:~ 7x5s is -<.sc:~ ir, ~:LC.C 11.2-12. 
Table 11.2-2. Secondary Regulated Power Outputs  
I 1 
Peak Narrow- i 
Output Return DC F a i l u r e  band Command 
Desc r ip t ion  Source Ref. Volt  age Trans i en t  % P-P s w i  t c h i  n 
DPL: A PS A 
Continuous 
DPU B PS B 
Continuous 
None 
4.65 t o  5 . 5  7.0 Vo l t s  1% None 
DPU A PS A PDU/ (55 1 
Switched DPU ON/OFF 
, 
DPU B PS B S IG (55 1 
Switched 
---- --- 
PS A RTN 
ADS +15, 4-5 OR - 15 *3% 22v 1.9: 0 E/ 0 FF 
1% - PS B 4.65 7v 
Switch t o  5 . 5  
Se lec t ed  
TM 18-1 Ti: PS A o r  TM-18 18 +2,-1.9V (+ o r  -) .5x ON/OFF, 
PS B 2 5  v o l t s  and A/B 
Switch select 
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11 -2.4 SAD OUTPUT CHAXACTEKISTICS 
The power f o r  t h e  motor d r i v e  w i l l  be t h e  2A and 2B bussea. 
motor 
by c u r r e n t  d r i v e  of  23,5 t o  50 mi i l iamps  f o r  t h e  time remaining u n t i l  
phase pulse .  
The d r i v e  t o  each 
phase w i l l  c o n s i s t  of 1 5  3. 1.5 mi l l i s econds  of > 111.23.5 v o l t s  fol lowed 
t h e  nex t  
11.3 MODES OF OPERATION --
The Power D i s t r i b u t i o n  Uni t  (PDU) provides  swi tch ing  t o  a l l  electrical s y s t e m  
( o t h e r  t h a n  t h e  WBCS) of  t h e  I M  from t h e  Modular Power Subsysten (PIPS) through 
t h e  MPS Module/Spacecraf: i n t e r f a c e  connec tors  and MMS harness .  Switching 
c o n t r o l  is exe rc i sed  by ground commands w i t 5  f u r t h e r  c o n t r o l  Gf s e l e c t e d  loads  
by t h e  SAFE-HOLD e l e c t r o n i c s  and by use  of a "Payloads OFF" s i g n a l .  The PDU 
r e c e i v e s  d i s c r e t e  commands from t h e  OBC through R I U  i n t e r f a c e  c i r c u i t s .  These 
OBC commands p o s i t i o n  r e l a y s  f o .  t h e  d e s i r e d  o p e r a t i n g  mode. The PDU ope ra t ing  
modes are d i scussed  below: 
11.3.1 PRIMARY POWER SWITCHING 
Primary power l i n e s  i d e n t i f i e d  i n  Table  11.1-1 can  be switched p r i w r i l y  as 
Enable/Disable  c o n t r o l  w i th  t h e  excep t ion  of RIU'U 6 ,  7 and 8 which are powered 
cont inuous ly  through t h e  PDU. Except  f o r  t h e  RIU's ,  where A and B l oads  are 
l i s t e d ,  on ly  one of t h e  two ou tpu t s  w i l l  draw power a t  any p a r t i c u l a r  t i m e .  The 
power loads  checked i n  t h e  Payloads OFF column of Table 11-1 can  be 
s imul taneous ly  d i sab lad  by r e c e i p t  of e i t h e r  a "Bayloeds OFF" comaand or by t h e  
Safe-Hold eJ e c t r o n i c s  . 
11.3.2 SOLAR ARMY DRIVE (SAD) HODES 
11.3.2.1 Orb i t  Phase --
I n  t h i s  phase, t h e  SAD can  be commanded i n  an  open loop o r  c losed  loop  ope ra t ing  
mode. The SAD is normally d r iven  a t  t h e  lWo r a t e ,  o r  may be coamanded t o  S top ,  
2w , o r  3W0 as desc r ibed  in Paragraph 11-1.3. Closed loop o p e r a t i o n  uses  t h e  
cogr se  sun  senso r  t o  p o i n t  t he  a r r a y  a t  t h e  sun ,  accuracy +7 degrees .  
11.3.2.2 Safe  Hold Modes 
This mode may be executed by s i g n a l  from t h e  MACS or by ground command. There 
are two d i f f e r e n t  Sa fe  Hold modes: 
---
1. I n e r t i a l  Mode 
2 .  Ea r th  Sensor  Mode ( c losed  1000 mode) 
These modes are s e l e c t e d  by coslmand. Upon S n i e i e t i o n  of Safe &Id i n e r t e a i  mode 
t h e  Safe Hold l o g i c  will i n i t i a t e  B SAD rate  of 2X . IS t h e  f n i : - i u l  SAD rate  i s  
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seconds p r i o r  t o  s t epp ing  up t o  t h e  2W0 rate. Upon r e c e i p t  of a SA-at-index 
p o s i t i o n  i r d i c a t i o n  (from SADAPTA p o s i t i o n  i n d i c a t o r s ) ,  t h e  SAD rate w i l l  be set 
t o  zero  and two s i g n a l s  w i l l  be sent t o  t h e  MACS i n d i c a t i n g  SA is a t  t h e  index  
p o s i t i o n ,  an3 a te lemet ry  i n d i c a t i o p  provided. 
Upon i n i t i a t i o n  of t h e  Ea r th  Sensor Sofehold Mode, t h e  Coarse Sun Sensor (CSS) 
is u t i l i z e d  t o  p o s i t i o n  t h e  SA. The s i g n a l s  from t h e  redundant CSS via t h e  HACS 
w i l l  c o n t r o l  t h e  SAD Drive Rate, s e l e c t i n g  zero ,  o r  2W0 rate t o  po in t  t h e  SA 
proper ly .  0' 
Normal o r b i t  mode is e s t a b l i s h e d  by command, i f  MACS Safe Hold s i g n a l s  are not  
present  
11.4 CONSTRAINTS 
11.4 .I PDU INITIALIZATION CONSTRAINTS 
TBD 
11.4.2 PDU TELEMETRY CONSTRAINTS 
TBD 
11 - 4 . 3  PDU COFMb!D CONSTRAINT$ 
TBD 
11 - 4 . 4  PDU TEMPEIUTURE CONSTRAINTS 
TBD 
11.4.5 PDU OPERATING MODE CONSTRAINTS 
TBD 
11.4.6 PDU SAFE HOLD CONSTRAINTS 
Once t h e  Safe  Hold s i g n a l  from t h e  WCS has been de tec t ed ,  t h e  PDU must be 
commanded back t o  t h e  normal o r b i t a l  mode f o r  recovery.  Even t h e  l o s s  of t h e  
Safe-Hold s i g n a l  from t h e  MACS does not  r e v e r t  the PDU t o  t h e  o r b i t  normal mode 
u n t i l  r e c e i p t  of t h e  "SOLAR ARRAY DRLVE ORBIT HODE" command. 
I. 1.5 REDUNDANCY 
The PDU features block redcndsncy of t he  power s u p p l t e s ,  motor c o n t r o l  and d r i v e  
c i r c u i t e ,  Formatter  and t h e  SAFE-NOLD e l e c t r o n k c  e 
LSD-WPC-263 
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11.5.1. FAILURE PROVISIONS 
Power d i s t r i b u t i o n ,  bus p r o t e c t i o n  and swi tch ing  is  devised  such t h a t  a s i n g l e  
f a i l u r e  w i l l  p revent  t h e  execut ion  of  no more than  one ON o r  ENABLE func t ion  of 
t h e  loads  in Table 11.1-1. No s i n g l e  p a r t  f a i l u r e  w i l l  pre:lude removal of 
power to t h e  Boom Hinge hea te r s .  
11.5.2 SECONDARY POWER GENERATION AND SWITCHING 
Redundant power s u p p l i e s  are provided f o r  t h e  gene ra t ion  of r egu la t e3  vo l t ages ,  
i s o l a t e d  from c h a s s i s  and power r e t u r n .  Ground commands are provided t o  select 
which of t h e  redundant u n i t s  is on. 
11.5.3 SAI) 
Redundant SAD c i r c u i t s  are provided t o  p u l s e  r e d u d a n t  s i e p p e r  motors used f o r  
s o l a r  a r r a y  r o t a t i o n .  
11.5.4 DEPLOYMENTS 
Redundant deployment motor c i r c u i t s  are provided t o  pu l se  redundant s t e p p e r  
motors used f o r  s o l a r  a r r a y ,  boom lower ( r o o t )  hinge aeploymeqt and boom upper  
hinge deployment and r e t r a c t i o n .  
11.5.5 SAFE-HOLD 
A redundant set  of safe hold cLrcu i tP  i s  provided to p e r f o m  t h e  fol louing 
func t ions  : 
1. Accept a “Safe-Hold” s i g n a l  (from t h e  block redundant MACS) and: 
a. Disab le  payloads. 
b. Drive t h e  s o l a r  a r r a y  t o  index  i f  i n  i n e r t i a l  mode. 
c. I n d i c a t e  t o  MACS t h a t  t h e  s o l a r  a r r a y  is  a t  index  i f  i n  i n e r t i a l  
mode,. 
d. Drive S0:p.c Array a t  d e s i r e d  rate (an determined by CSS i n p u t )  i f  
i n  e a r t h  senso r  mode. 
2. Acreqt ground co-smands t o  perform t h e  above. 
3. Redundant cafe-hold l o g i c  p l e c r r o n f c s  w i l l  be cont inuous ly  energ ized  
by cross-strapping ?‘:IC ot p u t s  of t h e  redundant power s u p p l i e s  t o  t h e  
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Motor c i r c u i t s  a r e  completely redundant. s a fe -  
hold l o g i c  t o  SAD motor c i r c u i t s .  Th i s  t o t a l  redundancy i s  i l l u s t r a t e d  
f u n c t i o n a l l y  i n  F igu re  11.5-1. 
The only croas-s t rapping i s  t h e  
11.6 COMWiNDS 
The PDU w i l l  provide t h e  c i r c u i t r y  necessary t o  perform t h e  f u n c t i o n s  i d e n t i f i e d  
i n  t h e  Command Directory.  
11.7 TELEMETRY 
The PDU w i l l  output  t o  the  RIU t h e  t e l eme t ry  f u n c t i o n s  d e t a i l e d  i n  t h e  Telemetry 
Directory.  For information r ega rd ing  ca1ibra:ion curve c o e f f i c i e n t s  f o r  t h e  
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BIGITAS PROCESSING UNIT 
12.1 DPU FUNCTIOE?AL DESCRIPTION 
The D i g i t a l  P rocesso r  Unit  (DPU) rnainta0,nns t h e  t i m e  code and f o n n a t s  and 
d i s t r i b u t e s  the  t i m e  code t o  t h e  Thematic Mapper (TN), t h e  Kult l spectrs l  Scanner 
(MSS), t h e  Payload C o r r e c t i o n  Data (PCD) Formatter ,  a n i  the redundant Reaote 
I n t e r f a c e  Un i t s  (RIU's ) .  I n  a d d i t i c n ,  t h e  DPU c o n v e r t s  t h e  d a t a  stream from t h e  
PCD Formatter  ( l o c a t e d  i n  t h e  Power D i s t r i b u t l o n  Unit ,  PDU) i n t o  a n  e i g h t  b i t  
word and sends i t  t o  t h e  TM. The DPU is block r e d m d a n t  (A and B s i d e )  and 
o b t a i n s  i t s  power from t h e  PoLler D i s t r i b u t i o n  Llnit (PDU). 
- .  
Figure 12.1-1, DPU Block Diagram, d e p i c t s  t h e  component func t ions .  
12.1.1 TIME CODE 
The DPU t i m e  code is  56 b i t s  i n  l eng th .  Four b i t s  are t h e  s p a c e c r a f t  
i d e n t i f i c a t i o n  code which i d e n t i f i e s  t h e  s p a c e c r a f t ,  e i t h e r  Landsat-D (1110) o r  
Landsat-D Pr ime ( l l G . . ) .  The remaining 52 b i t s  of t h e  t i m e  code r e p r e s e n t  time. 
The most s i g n i f i c a n t  b i t s  r ep resen t  hundreds of days of t h e  y e a r  down t o  t h e  4 
l eas t  s i g n i f i c a n t  b i t s  r e p r e s e c t i n g  f r a c t i o n s  of mi l l i s econds ,  w i th  t h e  least  
s i g n i f i c a n t  b i t  r e p r e s e n t i n g  1 /16 th  uf a mil l i s econd .  
12- 1 
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The t i m e  c o l e  w i l l  be loaded i n t o  t h e  DPU Time Code counter  v i a  t h e  RIU us ing  
four  se r ia l  d i g i t a l  commands. The format  of t h e s e  coumands is def ined  i n  t h e  
Data Format Cont ro l  Book Volume I11 (Command). 
12.1.2 DPU TIME COUNTER 
T h j  time code coun te r  becoioes v a l i d  on  t h e  major €rme sync  a f t e r  it 16 loaded. 
The coun te r  is then  incxemected eve ry  1/16 of a ml l l i second.  The t i d n g  i s  
der ived  from t h e  1.024 MHz c lock  from t h e  R I U  and t h e r e f o r e  t h e  acceratj of t he  
ti= code is dopendent on the accuracy of t h i s  c lock.  The time code coun te r  io 
i n v a l i d  dur ing  t h e  loading  o p e r a t i o n  and dur ing  t h e  propagat ion d e l a y s  a f t e r  tt 
Is incremented. The DPU s h a l l  n o t  a l low d a t a  t r a n s f e r s  from t h e  coun te r  to  t h e  
TM, NSS o r  R I U  h o l d i r 4  r e g i s t e r s  whi le  t h e  counter  is i n v a l i d .  TSe time code 
counter  does not have t o  rese. a f t e r  366 days b u t  may cont inue  t o  count  t o  899 
days o r  u n t i l  loaded with a nev time code. 
12.1.3 DPU REGISTERS 
The DPU con ta ins  thret-  ho ld ing  r e g i s t e r s :  
R I U  Xolding R e g i s t e r  - 56 b i t$ ,  
TM Holding R e g i s t e r  - 56 b i t s  
MSS Holding Regiszer - 48 b i t s  
‘”he r e g i s t e r s  w i l l  be updated on evzry  2.324 Mlz c leck  prcvfding:  
1. The time code coiiriter is v a l i d ,  and 
2. The hold ing  r e g i s t e r  is not  t r a n s f e r r i n g  a previous  time code 
The YSS r e g i s t e ?  is on ly  48 b i t s  long  and the ti= coCe i n  t h i 6  r e g i s t e r  w i l l  be 
truricated so tk lass four LSB’s w i l l  *be hundredths  of seconds.  
12 A - 4  PSD FORMATTER COWERTER 
The DPU w i l l  accept d a t a  and c lock  from t h e  PCD fo rma t t e r  and conver t  i t  t o  d a t e  
accep tab le  t o  the r h e m t i c  Mapper. Th i s  conveis ion  w i l l  be from ser ia l  
lemetry d e t a  t o  d b i t  p a r a l l e l  d a t a  t h a t  i s  t r a n s f e r r e d  t o  t h e  TH. The most 
r ecen t  b i t  from t h e  se r ia l  d a t a  will be cons idered  the  LSB and be a p p l i e d  t o  t h e  
TM b i t  8 bu f fe r .  Con.cfgTiratlon of t h e  DDU f o r  PCD F o m a t t e r  is accomplished by 
i n t e r n a l  wi r ing .  
12.1.5 DPWTM 
The w i l l  i n t e roga te  t h e  DPU TPf holdf.sp r e g i s t e r  by sentflnz a d i f f e r p n t i a l  
e n w l o p e  ?nd c lock  s i g n a l s  t h e  DPU. The RPU outpi l ts  f o m a f t r d  t i m e  coric from 
the  ?’E.: holding r e g i s t e r  upon receipt of the i n t e r r o g a t i o n  ~ i g c c l s .  The ?E t h e  
code i s  t h e  l a s t  v a l i d  time code before  t h e  envelope from t h e  TM. The ou tpu t  
fo imat  is def ine6  i n  t h e  Data Format Cont ro l  Book, Volume V (Payload) .  
LSD-k’PC-26 3 
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12.1.6 DPU/MSS 
Upon r e c e i p t  of 2n envelop.. and c'rock sfgasl frow the MSS, the D'?U w i l l  ourpa t  
fonnritted t ine code from t h e  MSS holding r e g i s t e r  to t h e  X5S. T h l s  ti= code is 
rk btts of 6ource code and 44 b i t s  o f  t i m e  i n f 2 m a t i o n .  The tiae code scat t o  t h e  
MS5 i s  tilie last v a l i d  t ime code be fo re  odd number envelopes from the MSS. The 
format is def ined  in t h e  Data Format Cont ro l  Book, Volume V (Payload).  
12.1.7 DPU/RIU 
The DPU w i l l  ou tpu t  tine code to  t h e  a c t i v e  R I U  upon r e c e i p t  of t h e  proper  
serial $ P g i t a l  t e l eme t ry  enab le  aad c l o c k  s i g n a h .  The time cede t r a n s f e r  w i l l  
r e q u i r e  e i g h t  t r a n s f e r s .  ?he first t r a n s f e r  c o n t a i n s  s p a c e c r a f t  code and 
hundreds o f  days. The subsequent 6 t r a n s f e r s  are eime code and t h e  e i g h t h  16 a 
t e l e r i e t ry  oord showing DPV bcatus .  The t h e  code s e n t  is the  l as t  v a l i d  t h e  
code before  t h e  Major Frame Sy.,c. This format is def lncd  f.n t h e  Data Format 
Control  Book, Volune V (Pryload) .  
12.2 DPU PERE'ORMANCE CAPABILITIES - - 
1. D i s t r i b u t e s  tfme code to  R I U ,  TM, MSS and PCD fo rma t t e r .  
Communicates wi th  R I U  end fiends d a t a  t o  PCD f o r m a t t e r  during standby mde. 
1 2 . 3 . 2  DPU PJLL ON MODE 
During DPU Full '- Mode, send6 t i m e  code t o  R I U ,  TM, MSS and PCD f o m t t 2 r .  
Reformates PCD - .  0 b i t  p a r a l l e l  e r a n c f e r .  
12.4 - 1  DPU INITIALLIWTXOkJ COKSTRAINTS 
For f . r i i t l a l€za t lon ,  t h e  time code must be l ~ a d c d  i n t o  DPU. 
12.4.2 DPU TELEMETSY CONSTRAINTS 
A major frsne synch pulse f ro= the RIU i s  r equ i r ed  prior t o  ini l in( . ian of Ch? 
t e I a e  't P y seq ue RC e - 
LSD-WC-243 
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12.4.3 DPU COMMAND CONSTRAXhTS 
The loading  process  of t h e  DPU t a k e s  f o u r  commands g iven  i n  proper  sequence,  
followed by a major frame synch pu l se .  
12.4.4 DPU TEfQERATURE CONSTRAXNTS 
I f  t h e  DPU temperature  upper limit of TBD degrees  cen t ig rade  i s  exceeded, t h e  
DPU should be commanded from t h e  FULL ON t o  STANDBY PDDE. 
12.4.5 DPU OPERATING MODE CONSTRAINTS 
1. DPU Spacec ra f t  t i m e  w i l l  be updated us ing  t h e  1.024 MHz c lock  from t h e  
R i U  as t h e  t iming  r e fe rence .  
2 -  I f  swi t ch ing  f ro=  PDU A t o  B (ur r eve r se ) ,  t h e  DPU t i m e  code output  
( f o r  t e l eme t ry ,  TM, HSS and PDU WJX) w i l l  be lest  du r ing  t h e  
r e c o n f i g u r a t i o n  per iod .  Th i s  i s  because PDU A is t i e d  t o  DPU A. The 
same is t r u e  f o r  t h e  B s i d e .  
3. When updat ing  DPU t i m e ,  t h e  MSS and Ti3 t i m e  code w i l l  n o t  be updated 
dur ing  t h e  time of r e c e i p t  of t h e  f o u r  serial magnitude commands from 
t h e  OBC- 
12.4.6 DPtr S A F E  HOLD CONSTUSIUTS 
1. Occe Safehold mode has  been e n t e r e d ,  t h e  second time code bus for MSS 
and TI? should be d i sab led .  Once recovery has beera cmple ted ,  the DPU 
can  be ground c o m n d e d  t o  FUEL ON. 
I 
12.5 REDUNDANCY AND CROSS-STUPPING 
The DPU is block redundant having an A and a B u n i t .  Both DPU A and DPU B 
o b t a i n  i n p u t  f r o n  R I U  A o r  R I U  B.  They are cross-s t rapped and o b t a i n  s i g n a l s  
from t h e  a c t i v e  R I U .  The a c t i v e  R I U  is determined by the  s t a t u s  of t h e  +5V 
s i g n a l  from R I U  B. PCD i s  not cross-s t rapped;  PCD A i n t e r f a c e s  on ly  wi th  DPU A 
and PCD B i n t e r f z c e s  wi th  DPU B. MSS 
a r e  t i e d  toge the r  i n  t h e  TM o r  YSS r e s p e c t f u l l y .  The DPU i s  powered by t h e  PBU 
power supp l i e s .  PDU A s u p p l i e s  DPU A w i th  5 VDC and PBU B s u p p l i e s  DPU B w i th  5 
VDC wi th  no c ross -s t rapping  a v a i l a b l e .  DPU redundancy and cross-s t rapping  is 
shown i n  F igure  12.5-1. 
- -
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Table 12.6-1. Discrete Co 
1 i i *3  CIf Acronym Canunw;nd Wme I 
t -1 
6 14 /PDU,ELECTA SELECT ELECTRONICS A (PDU 8 DPU) 
6 4 3  /PDU,ELECTB SELECT ELECTROXICS E (PDU 6 DPU) 
6 47 /PDU,DPUSBY DPU STANDBY 
6 18 /PDU,DPUON DPU FULL ON 
I I 
Table 12.6-2. Discrete Colnnand V e r i f i c a t i o n  
I 1 
! Referenee TLX Command Paragraph Prerequisite Complement Verification R e n a r k l a  
DPUSBY 12.6.1.2 
DPUON 12 e6 1 .2  
EXECTB YPDUEELE=l PDU A 
DPUSEL-1 DPU A 
E U C T A  YPDUELE-0 PDU B 
DPUSELmO DPU B 
DPUON YDPUPklR4 
DPUS BY YDF UP w = 1 
L I 
E SD-WC-2 6 3 
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12.6.1 COMMAND DESCRIPTIONS 
The fo l lowing  paragraphs d e s c r i b e  commands which 
Power C o n t r o l  Commands 
One of t h e  power c o n v e r t e r s  i n  t h e  PDU i o  always 
a f f e c t  o p e r a t i o n  o f  t h e  DPU. 
powered whenever t h e  s p a c e c r a f t  
is  powered.- The power c o n v e r t e r  which is  on is datermined by one of t h e  two 
mutua l ly  e x c l u s i v e  commands /PDU,ELECTA and /PDU,ELECrB. DPU A is d e d i c a t e d  t o  
PDU power converter A, and DPU B t o  PDU E. There  are no PDU o r  DPU o f f  
commands. E i t h e r  PDU power c o n v e r t e r  4. end DPU A are on, o r  PDU power conve r t e r  
B and DPU B are on. Thus, ELECTA t u r n s  DPU A on and DPU B o f f .  Conversely,  
ELECXB t u r n s  DW €4 on and DPU A o f f .  
12.6.3 .2 Mode Con t ro l  Commands 
The DPU has  two o p e r a t i n g  modes, Standby and F u l l  On, which are mutua l ly  
exc lus ive .  The command /PDU,DPUSBY p l a c e s  t h e  DPU which is on from t h e  commands 
i n  12.6.1.1 i n t o  t h e  Standby mode. I n  t h i s  mode, t h e  s e l e c t e d  DPU w i l l  a c c e p t  
Time Code b a d  commands and provide t e l e m e t r y  o u t p u t s  t o  e i t h e r  RIU. The 
command 
t h e  DPU w i l l ,  i n  a d d i t i o n  t o  t h e  Standby mode f u n c t i o n s ,  provide t i m e  code d a t a  
t o  t h e  HSS and T M  when s t r o b e d  by t h e s e  int i t rumcnts ,  and i t  w i l l  a c c e p t  and 
process  payload c o r r e c t i o n  data f o r  e r a n s f c r  to t h e  ‘iW. 
The DPU w i l l  r e t a i n  t he  made laet  commanded. Thus, i f  DPU W in c3n i n  e i t h e r  
mode and t h e  c o m n d s  of 12.6.1.1 are used t o  s w i t c h  t o  DPU B, DPU E will 688ume 
t h e  mode i n  which DPU A had been o p e r a t i n g .  
-
/PDU,DPUON p l a c e s  t h e  s e l e c t e d  DPU i n t o  t h e  F u l l  On mode. I 
12.6.1.3 Time Code Load Commands ---
Four 16  b i t  serial  magnitude commands t o  a d d r e s s  670 (RIU 6 ,  serial coatnand 
enab le  l i n e  0) are requ i r ed  t o  complete a time code l o a d ,  a 3  i n d i c a t e d  i n  Table  
1 2 . 6 - 3 .  The a c t i v e  DPU w i l l ,  i n  e i t h e r  t h e  Standby o r  F u l l  On mode, a c c e p t  t i m e  
code load  commands from e i t h e r  R I U  6A or 6B. Time code o u t p u t s  from t h e  DPU 
w i l l  be e r roneous  du r ing  t h e  load pe r iod  and will n o t  become v a l i d  u n t i l  a major 
frame sync p u l s e  i s  r ece ived  by theDPU a f t e r  t h e  f o u r t h  t i m e  code load  command 
has  been r ece ived .  The major frame p u l s e  causes  t h e  DPU time code c i r c u i t s  t o  
update t o  t h e  loaded v a l u e  and start  i n c r e a s i n g  i n  s i x t e e n t h  mi l l i s econd  
increments .  
Switching from one DPU t o  t h e  o t h e r  causes  loss of v a l i d  time code d a t a ,  becauae 
t h e  DPU which had bten o f f  had no t i m e  code r e t e n t i o n  c a p a b i l i t y  i n  the 
unpowered s ta te .  I t  is necessa ry ,  t h e r e f o r e ,  t o  reload tiae code whFnever a 
change from one DPU t o  t h e  o t h e r  is coamridcd. 
LSD-WPC-263 
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12 e 6  -2  COMNA€?D SEQUENCES 
There are no s p e c i a l  comand seruenceo required f o r  DPU operation.  Co 
be s e n t  in any order without saukiag h e m  to the aiibsystaon OP the spacecraft .  
12.6.3 COWtAtYi) RESTBALM'S 
A time code load must be accoapliahed a f t e r  owitching froa one DBD t o  tha ozhar. 
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12.7 DPU TELEMETRY 
Opera t ion  of t h e  DPU is monitoi-ed v i a  6 telemetry channels .  Two b i l e v e l  d i g i t a l  
ckianneks provid ing  fiZU s t a t u s ,  one pass ive  ana log  cliannel providing temperi t tare  
in fo rma t ion ,  and oae serial d i g i t a l  chennel  provid ing  t h e  code and 
r e c e i v e  i n p u t s  d i r e c t l y  from t h e  DPU. Two b i l e v e l  d i g i t a l  channels  provid ing  
DPU power and mode s t a t u s  r e c e i v e  i n p u t s  from command r e l a y s  i n  t h e  PDU. 
The t e l eme t ry  moni tors  are l i s t e d  i n  Tab le  42.7-1 by f u n c t i o n  name and acronym. 
I n  t h e  t a b l e ,  s i g n a l  t ypes  are des igna ted  PASS f o r  p a s s i v e  ana log ,  S €or serial 
d i g i t a l ,  and B f a r  b i l e v e l  d i g i t a l  func t ions .  The numbers a s s o c i a t e d  w i t h  t h e  S 
and B n o t a t i o n s  i n d i c a t e  b i t  numbers of t h e  $-b i t  d i g i t a l  word i n  t h e  t e l eme t ry  
d a t a  s t ream,  where b i t  0 is t he  MSB. SWL RATE d e f i n e s  t h e  number of t i m ~ s  a 
f u n c t i o n  is sampled i n  a t e l eme t ry  major  f ramer  
DPU s t a t u s )  
1 2  e7 1 TELEMETRY DESCRIPTIONS 
The DPU t e l eme t ry  moni tors  provide  command v e r i f i c a t i o n ,  subsystem s t a t u s ,  and 
d i a g n o s t i c  in formqt ion .  T h i s  s e c t i o n  p r e s e n t s  t e l eme t ry  d e s c r i p t i o n s  u s i n g  t h e  
acronyms i n  Table  12.7-1. Where p o s s i b l e ,  moni tors  are c o l l e c t e d  i n t o  f u n c t i o n a l  
groups for ease  i n  unders tanding .  
12.7.1.1 - DPU Te=perarusE ( D P ~ I x ~ ” )  
Th i s  monitor  i n d i c a t e s  the temperaturz  der ive4 from a thermistor located imide 
the DPU modizie. 
th is  te lemetered fti : t ion,  see Appendix A.12.  
Fc- i n f o m a t i e n  r ega rd ing  calibrstion curve. coe f f  i c f e n t s  f o r  
12-13 
. .  . . '  ., , 
IGINAL PAGE !S 
003 QUALITY 








31 Deccember 1981 
\ 
12.7.1.2 Power and Opera t ing  Mode S t a t u s  Moni tor5  -- -- 
YPDUELE - PDU e l e c t r o a f c s  A h 3  s e l e c t e d  
‘ii3PUPWR - DPU f u l l  on /s tandby 
DPUSEL - DPU A/B s e l e c t e d  
These z o n i t o r s  provide  t e l eme t ry  v e r i f i c a t i o n  f o r  t h e  c o m n d s  d e s c r i b e d  i n  
Paragraphs  12.6.1.1 and 12.6.1.2.  Since  DPU A 1s d e d i c a t e d  t o  PDU A and DPU B 
t o  PDU B, t h e  moni tors  YPDUELE and DPUSEL w i l l  a lways  i n d i c a t e  PDU A and DPU A 
a t  t h e  same t i m e ,  o r  PDU B and DPU B a t  t h e  same t i m e .  Decoding of t h e  monitors 
i s  shown below. 
YPDUELE 0 = 
1 -  
DPUSEL 0 5 
1 =  
YDPUPWR o =  
1 9  
PDU e l x t r o n i c s  B s e l e c t e d  
PDU e l e c t r o n i c s  A selected 
DPU B on, A of f  
DPU A on, B o f f  
S e l e c t e d  DPU in Standby mode 
S e l e c t e d  DPU i n  F u l l  On mode 
12.7.1.3 R I U  Status Monitors 
DARIU - DPU A KLU A on/off  
DBRIIJ - DPU B RXU B on/off 
DRIUSEL - R I U  A/B s e l e c t e d  
_L -- 1- 
These moni tors  p rov ide  a n  i n d i c a t i o n  of whether R I U  6A or RSU 6 B  is  prov id ing  
i n p u t s  and a c c e p t i n g  o u t p u t s  from t h e  DPU. D&U i s  v a l i d  on ly  when DPU A i s  on 
(DPUSELIL),  and DBRIU is  v a l i d  only  when DPU B is on (DPUSELaO). DRIUSEL is  
v a l i d  rihtchever DPU i 5  on. The moni tors  are decoded as shown below. 
DAIU U 0 * CPU A R I U  6 A  off 
1 5 DPU A RIU 6A on 
DBaZU 0 DPU B RXU 6A off 
1 5 DPU B RIU 68 on  
DRIUSZL 0 R I U  6B s e l e c t e d  
1 * R I U  6 A  s e l e c t e d  
12.7 .1 .4  Time Code Load Cqmmand V e r i f i c a t i o n  ---__” 
As desc r ibed  i n  Paragraph  12.6 e 1.3, €our  consecutive sertal magnitude csman?s 
are r equ i r ed  to load a new tine code Pn the DPU, The releolotry monitors sbosa 
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DLDGTC - DPU l c a d i n g  t i m e  code yes/no 
DTCRGGUP - Time code r e g i s t e r  update  yes/no 
DLDGTC t r a n s i e i m s  t o  a l o g i c  "1" s t a t e  when t h e  DPU r e c e i v e s  t h e  f i r s t  o f  t h e  
f o u r  t i m e  code load  commands ant remains in t h a t  s tate m t L l  t h e  f o u r t h  command 
is received, .  at which t i m s  it t r t n s i t i o n a  t o  a l o g l c  "0" s t a t e .  Because of t h e  
low sample rate f o r  t h i s  moni tor  (once e v e r y  t e l eme t ry  major frame) thp  
t r a n s i t i o n  w i l l  n o t  be seen  u n l e s s  t h e  camarid t r a n s m i s s i o n s  happen to c o i n c i d e  
with t h e  sample p e r i o d  f o r  DLDGTC. The monitor is decoded as shown below. 
DLDGTC 0 DPU no t  l oad ing  t i m e  code 
1 DPU load ing  t i m e  cocie 
The f i r s t  t e l e m e t r y  major frame sync p u l s e  r e c e i v e d  by t h e  DPU a f t e r  r e c e p t i o n  
of t h e  f o u r t h  t i m e  code t o a d  command causes  t h e  t i m e  code c i r c u i t s  in t h e  DPU t o  
update  t o  t h e  loaded value.  A t  t h e  same time, t h e  moni tor  DYCRGUP t r a n s 9 t i c w  
t o  a l o g i c  "1" state and remains i n  t h a t  s t a t e  u n t i l  t h e  fo l lowing  m j o r  frame 
p u l s e  i s  r e c e i v e d ,  which causes  i t  t o  t r a n s i t i o n  eo a l o g i c  "0" state. The 
i n d i c a t i o n  is p r e s e n t ,  t h e r e f o r e ,  only du r ing  the t e l e m e t r y  major f r m e  i n  which 
t h e  updated t i m e  cod2 appea r s .  The moni tor  is decoded GS show beior;. 
DTCRGUP 0 Time code re8ister update  - PO 
1 = T h e  code r e g i s t e r  upda te  - YES 
12.7.1.5 Time Cod-. Data (DFU-01) 
Time code d a t a  from t h e  DPU sppea r s  o n x  p e r  s a j o r  frame i n  t h e  t d e m e t r y  da2a 
stream. The d a t a  c o n s i s t s  of seven 8-bit serial d i g i t a l  t e l e m e t r y  woras l o c a t e d  
i n  t h e  f i r s t  s even  t e l e m e t r y  d n o r  Frames a8 shown in Table 12.7-1 and ke1o.d. 
--- -
B i t s  4-7 --Minor Frame B i t s  0-3 I_-- -7- 
0 DTCSRC DTCDAYH 
1 DTCDAYT D T O A Y U  
2 DTCHRT DTCHRU 
3 DTCMNT DTCMLNU 
4 DTCSECT DTCSECU 
5 DTCMSECY DTCEECT 
6 DTWISECU MS f r a c t i o n s  
The t i m e  con ta ined  in t h e  seven words is t h e  t i m e  which was s t o r e d  i n  t h e  t'me 
code r e g i s t e r  a t  t h e  beginning of t h e  t e l e m e t r y  major frame i n  which t h e  time 
code d e t c  oppars .  As rliscuvsed id Paragraph 12.6.1.3, :Zme code data becosea 
erzoneous w h i l e -  t ine code load comwnds are being executed, and also w h e ~  
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12.7.1.6 Dsta Cutput Honitors 
The DTU p ~ o v d ~ i t ? ~ ,  upon request, t h e  code t o  ck@ YSS and TM imesum@nrs, and 
payload correction &ta (PCD) to the TI?. T91a DPU m3st be in t h e  Full On aode t o  
a c c m p l i s h  the  data transfers. Three t e l e m t r y  u ~ o ~ L ~ Q ~ s  m e  prcvlded t o  
i n d i c a t e  whether t i m e  code r e q u e s t s  were r e c e i v e d  o r  fpcD was tr fenced by t h e  
DPU. The monitors  indjcate status for t h e  telemetry mjor Pr preceding t h e  
major frame i n  which they  occur. Thus, if a d t t a  r eques t  o r  data  t r a u s f e r  
occur red  a t  any t h e  dur ing  major f r a e  M, t h e  t e l eme t ry  indication of t h e  
occurrence w i l l  occur  i n  major frame W1. Decoding of t h e  raoditors is shown 
below. 
DXSSTCR 0 - MSS t h e  code not  reques ted  
1 = MSS t ime code r eques t sd  
0 = TM t h e  code not reques ted  
1 = T?f t h e  code rcquese 
DTHTCE 
DCDETNT 0 PCD not t r a n s z e r r e d  t o  
1 PCD t r a n s f e r r e d  t o  TM 
rs-17 
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13.1. FUNCTIOW.AL DESCRIPTIGN 
The Wideband Comunica t ions  Subsystan (VDCS) r e c e i v e s  d i g i t a l  d a t a  signals fro% ' 
t h e  Thenat ic  Mapper (TM) and t h e  Mul t ip lexer  Scanner (PISS) sensors and t r a n e z ~ i t s  
t h e  d a t a  t o  t h e  Tracking and Data R e k y  S a t e l l i t e  (TDRS) System a t  Ku-band 
and/or  t o  selected ground s t a t i o n s  a t  X-band. The s u b s y s t ~  also i n c l u d e s  t h e  S- 
Band High Gain Antenna f o r  conanunication w i t h  t h e  TDRS. 
The WBCS c o n s i s t s  of a wideband uwdule (IdBM), RF conpartnent  {RFC) and t h e  
gimbal d r i v e  assembly. 
The wideband module c o n t a i n s  t h e  X-band t r a n s d s b l o n  link e q u i p m n t  Trave l ing  
Wave Tube Amplif iers  ( M A ) ,  signal and power c o n t r o l ,  gimbal d r i v e  e l e c t r o n f c s ,  
t n e  modulator p o r t i o n  of t h e  Ku-hand t ransrntss ion link equipment, and t h e  
a u t o t r a c k  r e c e i v e r .  
The RF compartment c o n t a i n s  t h e  Ku/S-band antenna,  t h e  Ku-band switching,  
d i p l e x i n g ,  up conversion components, Ku-band TWTA's, and down c o n v e r t e r s  fo r  t h e  
Autotrack Systev.  The RF  compartment and KuJS-band antenna are a t t a c h e d  t o  t h e  
top cf +he antenfia mast by mean5 of the g i d x l  d r i v e  assembly, a two-axis r o t a r y  
mechanism c o n s i s t i n g  of en  elevation-ovef-aeimue.h nount. 
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13.1.1 Kl1-BIWD FORWAKD LINK 
The tiu-band forward l i n k  s i g n a l  ( 3  mega chipt i lsec t*N opread spectrum) Skom the 
TDWSS 18 received by t h e  five-horn feed assembly of t h e  1.8 meter  Eiu,S-h~ind 
s t e e r a b l e  onteniia. Four small monopulsa: €cod horns, which surround t h e  sum 
channel feed horn,  and ttie a u t o t r a s k  comparator,  s y n t h e s i z e  t h e  azimuth and t h e  
e l e v a t i o n  d i f f e r e n c e  s i g n a l s .  These s t g n a l s  are p r o p o r t i o n a l  t o  t h e  angular  
error bctveen t h e  antenna bores ight  and t h e  received TDRSS s i g n a l  l i n e  of s i g h t .  
They a r e  biptiase modulated, t i m e  mul t ip lexed ,  end added in-phase to  t h e  
re ference  sum channel  rece ived  signal by means of e IO-dk? coupler  to  genera te  
t h e  amplitude-modulated (AM) a u t o t r a c k  s i g n a l .  As shown in t h e  block dingram, 
Figure 13-2, t h e  sum channel  s i g n a l  is routed t o  t h e  downconverter v i a  t h e  
d i p i e x e s / f  i l t e r  vhich provides  receive-bond s e l e c t i o n  i n  a d d i t i o n  t o  a t t e n u a t i o n  
of t h e  r e c e i v e r  imge band and Ku-band TWTA broadband noise .  
The composite o i n g l e  channel  AM a u t o t r a c k  signail is downconvertcd an4 routed 
through t h e  c a b l e  vrap assembly and down t h e  boom t o  t h e  a u t o t r a c k  r e c e i v e r s  
(ATR) loca ted  i n  t h e  widoband module. Coax swi tches  provide c ross -s t rap  
redundancy between t h e  dovnconvcrters  and t h e  a u t o t r a c k  r e c e i v e r s .  The s i g n a l  
is ampl i f ied  31 a n  automatlc  ga in-cont ro l led  I F  m p l i f i e r  p r i o r  t o  square-law 
d e t e c t i o n  to  r ? m o l ?  t h e  amplitl!dC modulation r e p r e s e n t i n g  t h e  normalized azimuth 
and e l c v n t i o n  e r ~ ; r  sijinalr;.  Scpara t iun  of t h e  nzfauth  and e l e v a t i o n  e r r o r  
s i g n a l s  is accomplished by ra J e m l  t i p l c x e r  cotitnincb wl t h i n  t h e  autotrack 
r e c e i v e r .  The demurtipicxi ng wevrform wlilch a e p o m t e u  both t h e s e  fiignczls is 
i d e n t i c a l  t o ,  nnd synchronircd with, the rnul t lplexing waveform. A low frequency 
f i l t e r e d  dc s i g n a l  d e r i v e d  f rn ra  t h e  ACC circui t .  prov ides  skgnmbornatic g a i n  
c o n t r o l  a1 s t r e n g t h  i n d i c a t i o n .  The two p o i n t i n g  e r r o r  8 f ~ l l & l S ,  t o g e t h e r  wi th  
t h e  s i g n a l  s t r e n g t h  s i g n a l ,  arc? d i g i t i z e d  by t h e  s tandard  NASA Remote I n t e r f a c e  
U n i t s  ( R I U s )  and provided t o  t h e  onbf-3rd coaopueer ( O X )  v i a  t h o  F l i g h t  Segment 
(FS) m u l t i p l e x  d a t a  hue. The s i g n a l  s t r e n g t h  s i g n a l  is processed by t h e  onboard 
computer (OHC) t o  a c t i v a t e  t h e  a u t o t r a c k  mode and is  a l so  te lemetered  t o  t h e  
TDRSS ground s t a t i o n  via t h e  Communfcations and Date Handling (C6DH) subsystem 
t o  v e r i f y  t h a t  t h e  TDKSS-to-Landsut FS l i n k  has  been es tabl is t ied.  
The i iutotrnck r e c e i v e r ,  antenna,  gimbal d r i v e  crosrmhly and OBC form n c losed  
loop mnopu l se  t r a c k i n g  s y s t e m .  The azimuth and e l e v a t i o n  error s i g n a l s  rare 
processed by t h e  OEC t o  g e n e r a t e  a p p r o p r i a t e  command s i g n o l s  which a re ,  i n  t u r n ,  
fed back through t h e  KIUs t o  t h e  gimbal d r i v e  assembly. In response t o  these  
s i g n e l s ,  t h e  g i m b t s l  motors p o s i t i o n  the antenna i n  A d i r e c t i o n  which minimizes  
t h e  a n g u l a r  e r r o r  between t h e  antenna bores tght  and t h e  TDRSS s i g n a l  l i n e  of 
s i g h t .  
'In oddition t o  the t z u t c ~ t r R c k  mode of oprr t i t fon,  t h e  ~tecrsblc high  g a i n  m t c n n s  
13150 operates  In n p r o g r m  t r a c k  taodr .  Position frecilznck t o  t h e  onhoard 
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13.1.2 SENSOR DATA NODULATION AND MODS 
TM and MSS d a t a  are f i r s t  routed t o  t h e  d i g i t z l  swi tch ink  u n i t  (DSU) i n  t h e  
wideband where they  a r e  reclocked by mans of assoc ia t ed  c l o c k  s i g n a l s ,  
p r i o r  t o  mode s e l e c t i o n .  Independent mode s e l e c t i o n  is provided f o r  bo th  X-band 
and Ku-band ope ra t ion  a c t i v a t i n g  one of  f i f t e e n  d a t a  output  combinations f o r  t h e  
two l i n k s .  The ou tpu t s  from t h e  DSU, c o n s i s t i n g  of  d i f f e r e n t l y  encoded TM and 
MSS on s e p a r a t e  in-phase (I) and quadra tu re  phase! ( Q )  l i n e s ,  are provided 
as i n p u t s  t o  unbalanced quadra ture  phase-sh i f t  keyed (QPSK) modulators. The 
QPSK modulators modulate t h e  s e l e c t e d  TM and MSS d a t a  onto  S-band RF carrier 
r e fe rences  . 
module 
d a t a  
13.1 - 3  KU-BAND TRANSMISSION L I N K  
For t h e  Ku-band t ransmiss ion  l i n k  via TDXSS, t h e  UQPSK modulated S-band s i g n a l  
is  routed  t o  redundant Ku-band upconverters  i n  t h e  RF compartment. The 
upconver te rs ,  d r iven  by frequency sources  i n  t h e  wideband module, t r a n s l a t e  t he  
modulated The upconverter  ou tput  is ampl i f ied  by 
one of two redundant 22-watt TWTha p r i o r  t o  being t r ansmi t t ed  v i a  t h e  
d i p l e x e r l f i l t e r  and RuIS-band an tenna  a s  i n  F igu re  13.1-3. 
The ou tpu t  from t h e  d i p l e x e r / f f l t e r  d r i v e s  the  1.8 meter high-gain antenna.  The 
a n t e m a  a l s o  con ta ins  an S-band feed  which provides  8 high-gain antenna 
rece ive t ' t ransmiss ion  c a p a b i l i t y  f o r  CLDH module S-band comanand r acep t ton  and 
te lemet ry  d a t a  t ransmisnion,  The narrow-band communicatfona d i ~ c u a s i c r n  (Sec t ion  
20) f o r  phys i ca l  d e s c r i p t i o n  and o p e r a t i o n a l  procedures  o f  t h e  high-gain 
antenna.  
S-band s i g n a l  t o  t h e  Ku-band. 
13.1.4 X-BAND TP.A.NSMZSSION LINK 
For X-band d i r e c t  readout  t ransmiss ion ,  redundant modulated S-band s i g n a l e  from 
t h e  dedica ted  UQPSK modulators i n  t h e  wideband module a r e  provided as an  inpu t  
t o  X-band upconver te rs .  The upconver te rs ,  d r iven  from frquency sources  loca t ed  
wi th in  t h e  module, upconvert t h e  modulated S-band s i g n a l  t o  X-band. The output  
from t h e  upconver te r  is ampl i f ied  by mesne of a 44-watt TWTA p r i o r  t o  beicg 
f i l t e r e d  by a transmit: lowpass f i l t e r  ns dep ic t ed  i n  F igure  13.1-4. 
The output  from t h e  lowpass f i l t e r  d r i v e s  an  X-band shaped-beam antenna  which 
provides  e s s e n t i a l l y  cons tan t  E f f e c t i v e  I s o t r o p i c  Radiated Power EfRP over  t h e  
i l l umina ted  su r face  of t he  e a r t h .  
13-5 
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13.2 PERFOMWCE CAPARLLITXES -.- (WBCS) 
The W.:deband Communications Subsystem capsbllities are summarized in Table 
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Table  13-1. WBCS Performance C a p a b i l i t i e s  
Function Landsat D FS C h a r a c t e r i s t i c s  --- -
Ku-band r e tu rn - l ink  modes e Kii-band S i n g l e  Access (KSA), 
X and S-band l i n k s  o p e r a t e  
independently and s imul taneous ly  
f o r  l i m i t e d  pe r iods  
~b Switching provided t o  a l low in- 
dependent select ton of t r ans -  
mission mode 
e No d a t a  i n t e r r u p t i o n s  as a 
r e s u l t  
of d a t a  mode swi t ch ing  
Ru-btind r e tu rn - l ink  = r a i n  a t  
beginning of l i f e  
Q 4.7 dB in t h e  autoereck mode 
B >3 .1  dB i n  t h e  program mode 
TE1 d MSS d a t e  cond i t ion ing  p r i o r  
t o  KLI and S band modulation NRZ-34 Pu l se  Code Modulation) 
B, Differrntfslly encoded ( e . g . ,  
Ku-band antenna 
e AutorruPticallg r e s o l v e s  channel 
and polarity. ambiguity NRZ-L 
output  from ground s t a t i o n s  
Q P o l a r i z a t i o n :  Right-hand 
c i r c u l a r  
o Frequency: 13,775 C+ 0.7 MHz 
(Forward l i n k ) ;  lS,?k3.4 - t 0.76 
mz (Return Link) 
Q Poin t ing  e r ror  ( 3  sigma CEP):  
Program e rack 0.255' 
Au t 0"; fa ck o s i o  
o Power h a n d l i n g :  > I  d B  over 6tic 
maximum power a t  t h e  antenna 
SVS-10266 
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Table 13-1. WCS Perrformance C a p a b i l i t i e s  
e Gain: Cons i s t en t  w i th  EXK? and 
Power Flux Density (PFD) 
requirements 
e A x i a l  Ratio:  <l.S dB over  3 dB 
Betmwidt h 
Znput power (max)/operating node 
X-band downlink margin a t  beginning 
of l i f e  
X-band Antenna 
Mode # 
1) Standby 170 w a t t s  
-- 
2) Ku-band Transmission 
(X  Standby)" 
264 Watts 
3) X-band Transmission 
(KU Standby) 282 Watts** 
a 3 dlS based n a b i t  e r r o r  rate 
rate of IO- 2 
8 FolarLzati1,a: Right-hand 
c i r c u l a r  
(B Frequency: 8,213.5 i- 0.4 MKZ - 
Power IIandling: >1 dB over t h e  
maximum power a t  t h e  antenna 
m Coverage: Provid9s an 
approximate cons t an t  PFD 
on. e a r t h  f o r  a 
subtended ang le  of 2 6 3 . 8  
degrees 
-II_ 
Gimbal Assembly auto- t racking TPSSS at average r a t e .  
"Gimbal Aesembly program t r ack ing  TDRSS at average r a t e .  
L SD--Ji?C-2 6 3 
13-10 
S-band h igh  gair?. an tenna  
Ku-Band Forward Link 
e VSm ( r ece ive  and t r ansmi t )  
<1.5:1 - 
e Power handl ing (Transmit)  6 
Watts 
B KU-Band a u t o t r a c k  r e c e i v e r  i n p u t  
s i g n a l  c h a r a c t e r i s t i c s :  
Center  Freq. 13.775 GHo C 0.7 
MHZ 
Signa l  bandwidth: 6 MHz 
Dynamic Range & r racking:  -162 
t o  -153 dBwi 
P o l a r i z a t i o n :  RCP 
Modulation UQPSK: (10 :1 power 
s p l i t )  with two 3 Mps PN 
codes St-phase modulating 
t h e  c a r r i e r s  
- 
Ku-Band Gimbal Assembly Performance Rotation: Bidi rec t iana l .  
e Elevat lon:  130 degrees  
ta Azimuth: 400 degrees  
o Nominal s t ep - s i ze  a t  ou tpu t :  
a Nominal t r ack ing  speed: 0.06 
e Slew speed (max): 2.81 deg/sec  
ea Gimbal Acce e r a t i o n :  
0.5 deg/sec  ( m x )  
Q Mechanical Hardstop: azimuth 
+200 - degrees  re ferenced  t o  FS 
+X a x i s  e l e v a t i o n  
+125, -5 degrees  r e f  erenceG 
t o  s p a c e c r a f t  -2 axis. 
Inpu t  gLmbal s t e p  cmd (max): 
80  s teps /512  mi l l i s ecs  (2.8125 
0.018 degrees  
de g /s ec 
$ 
dsg l sec )  
e Inpu t  p,iixt.al step cmd (min): 
0 s t e $ / 5 i 2  rnillsec 
Inpu t  gf r tbb l  s t e p  cmd ( d z t a  
format )  S e r i a l  from RIU 
(one 16-b i t  word each used 
i 
L SD-WF’C-2 6 3 
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WBCS Li fe  Performance 
nt A2 and EL) 
Rate: 1 word/5L2 mil l secs  
t o  a resolution of 0.02% 
words/axis v ia  R I U  [+14 b l i  
( 1  make b i t  $. a spare b i t ]  
(Azimvtth only) 
from R I U  every 256 millisec 
o Minimum of  3 years with TWTA-E 
e Input gimbal s t ep  cmd (Max) Word 
0 Output Resolver Data: 0 t o  360 
e Word oi;e: ‘iks 3 b i t  serit-7 data 
o Convert pulse: Discrete command 
and GOA cycled a s  fol lows:  
LSD-vffC-263 
13-12 
TravelZng Uave Tube kuplfflcr Opc?ratlon 
Ku-Band 
Gyc_Les (Opera' ion d Test )  25,000 25,000 
Nomiml h t y  Cycle 1C ~!in/100 K'n 15 ""in/100 Pfin 
M a x i m u m  Duty 30 Yitn/100 Min 30 Mid100 Nin 30 wd100 Win 
Cycle T e s t  Korlrz. 200 Hou s 2 0  &ours 200 EIours 
(GE' 
Antenna Gimbal A s s a b l y  Operaclon 
F a l l  Cyclcs (0:eration &. Test) 
T e s t  Jycles (GE) 
20,000 
1,000 
The RF compartaear, gimbal d r i v e  aisagbly and the v i d e b a n d  mc.dulc are configured 
to o p r a t e  in one of five aodes. These VBCS ~ ' o n f i g u r a t l o n s  are shown i n  Figure 
14.3-1 aiong with the WBCS equfpaent O N O F F  status by uodes. Figure 13.3-2 
provides the data node ccibinaticm for each transmission link. 
. . .  
13-13 
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Figure 13.3-1. W i Y  Equipment ON!OFF Status by Modes 
13-14  
- - 1  &"*- -.) 
**y 





! 5  
1 6  
i 7  
i Z h s  





















ORfGlPAL PAGE IS 
OF POOR QURtITY 
SVS-10266 

















*PN 0 4 . 9 8 3  Hbps +- 0.2.T. - 






31 December 1981 
I 13.3.1 MODE 1 - STAIYDBY 
ThiB m d e  is  t e t  t o  c y c l e  t h e  TtSfA"o f o r  both KU-band and X-baud €ma an o p e r a t e  
mode t o  6tandb3 when they  are u t l l i z e d  i n  succeeding passes. This a l lows  t h e  
'FWTA'e t o  remain i n  a power ON, h e a t e r  pow~,r ON, and beam c u r r e n t  OFF State. 
13.3.2 MODE 2 - KU-SAND ON (X-BAND OFF) 
The KU-band forward and r e t u r n  channels  are configured for TDRSS t r a c k i n g  and 
d a t a  t ransmiss ion .  The RU-band TWTA w i l l  be i n  o p e r a t e  mode w i t h  its beam 
c u r r e n t  ON. The X-band TWTA remains 13 STWlDBY or  OFF depending an t h e  
scheduled miss ion  opera t ion .  
13 -3 -3 MODE 3 - X-BAND ON (KU-BAND OFF} 
The X-band t r a n s m i t  channel  is configured f o r  d a t a  t r a n s d s s i o n  wi th  t h e  X-band 
TWTA i n  o p e r a t e  mode, beam c u r r e n t  ON. The KU-band m A  remains in STANDBY o r  
OFF depending on t h e  scheduled mission opera t ion .  
13 - 3  -4 MODE 4 - BOTH KU-BAND AND X-BAND ON 
Both links are i n  o p e r a t i o n  with data tranomissdon configured in accordance w i t h  
scheduled clission o p e r a t i o n .  
13.3.5 PIODE 5 - SAFEBOLD 
This  mode i s  a r e s u l t  of a n  abnormal. c o n d i t i o n  sensed by t h e  f l i g h t  segment 
safe-hold monitor.  Safe-hold s i g n a l s  from t h e  Power D i s t r i b u t i o u  Uni t  of t h e  FS 
w i l l  be provided t o  t h e  WBCS t o  terminate all wide band t ransmiss ion  and t o  s t o p  
t h e  TDRSS Antenna gimbal motion. If t h i s  c o n d i t i o n  should o c c u r ,  t h e  WBCS oven 
h e a t e r s  f o r  both t h e  EU-band and X-band frequency source  components are t h e  o n l y  
equipment t h a t  remain energized.  
If i t  is  determine& s a f e  to re -energ ize  t h e  KU-band and/or  t h e  X-band links, t i re  
r e t u r n  t o  normal operation can occur w i t h  troncmlssicn of conmande r e g a r d l e s s  of 
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13.4.1 Mhen both KU-band and X-band l i n k s  are opera tcd  d a i l y ,  t h e  TblTA'a are to  
r w i n  ON and cyc led  t o  ope ra t e  modc (beam c u r r e n t  ON) o r  stanirby mode (be- 
c u r r e n t  OFF, h e a t e r  power ON).  I f  t h e  TVTA*s are not opera ted  daily, t h e  W A ' 8  
w i l l  be de-energized (power OFF). 
13.4.2 The TWTA's both  KU-band and X-band, w i l l  be sw1tche.i from t h e  ope ra t e  
mode to  atandby mode when t h e  TWTA c o l l e c t o r  tempera ture  i o  
The O X  con:inucusly monitors t h e  fo l lowing  t e l eme t ry  p o i n t s  and I s s u e s  t h e  TWfA 
standby command when.:he l a s t  t h r e e  consecut ive  samples of the  te lemet ry  po in t  
ch icks  out-of- l imit .  The te lemet ry  sampled and t h e  c:imands i ssued  by t h e  OBC 
+165'F (74OC). 
are E B  fol lows:  
TeleEe t r y  Standby Cormnand 
RFC-Y PANEL ( K U - M A - A )  TmP 
RFC-Y PANEL (KU-TWTA-B) TEMP 
WBI4-Y PASEL (X-TWTA-A) EMP X-BAND TWTA P S I  TO STANDWZ 
WBM-Y PNNEL ( X - M A - E )  TEbiP X - E N D  IWW RFX! TO STANDBY 
KU TWTA PRI TO STANDBY 
KU TWTA RED TO STANDBY 
J P L. 
13-17 
OWIGIPML PAGE I 
OF POOR QlJALlTY 
SVS- 1026 6 
31 December 1981 
1 3 . 4 . 3  The TWT’A‘s w i l l  no t  be opera ted  wi thout  d r i v e  and wi thout  a modulated 
carrier. The I and 9 channels  must have e i t h e r  PE o r  s e n s o r  d a t a  w d u l a t i o n .  
The command sequences t o  s a t i s f y  t h i s  c o n s t r a i n t  are as iFoPloss: 
TWTA Turn-On Colmnand Sequences 
KU-BAND TWTA X-BAND TWTA 
FUNCTION FUNCTION 
1) Set Coax Switch 
Con€ i g u r a t i  on 
2)  D i g i t a l  SW Unit  ON 
3 )  S e t  D i g i t a l  SW Unit  
Data Pa th  
4 )  KU-Band UQPSK ON 
5) KU-Band Freq 
6 )  KU-BAND Up-Conv. 
7)  KU-TWTA O N  
8)  A t  Receiver  ON 
9 )  Sensor  Data ON 
LO) C a l i b r a t e  Auto 
Track Receiver  
11) TWTA To Operate  





1) S e t  Coax Switch 
Conf igura t ion  
2) D i g i t a l  SW Unit O N  
3 )  S e t  D i g i t a l  SW Unit  
Data Pa th  
4 )  X-Band UQPSK ON 
5) X-Band Freq 
Source 2-ON 
6 )  X-Band Up-Cow. 
0 t: 
7) X-Gand ThTA 9: 
(Stand by 1 
8) Sensor  Dsre ON 
9)  TbTA ‘To Operate 
I 
MOTE: The KU-band command sequence assumes t h a t  t h e  command and te lemet ry  
l i n k  v i a  TDRSS-SSA i s  e s t a b l i s h e d .  
1 3 . 4 . 4  Both Ku-band TWTA’s w i l l  no t  be opera ted  s imul tanecus ly .  One Ku-band 
TWfA must be OFF t o  avoid  excess ive  TWTA c o l l e c t o r  temperature  increase. 
13.4.5 Both X-band TWTA‘s w i l l  no t  be opera ted  s imultaneously.  
must be OFF t o  avoid  excess ive  TWTA c o l l e c t o r  t e a p e r a t u r e  inc rease .  
13 .4  .bJ 
w i l l  not  be r epos i t i oned  when RF power i s  3M. 
One X-band TWTA 
The Ku-band waveguide swi tch  and the  X-band wavegufde c i r c u l a t o r  s v i t c h  
1 3 . 4 . 7  The maximum duty  cyc le  f o r  e’-ther KU o r  ]I-band T k T A  w i l l  no t  exceed 3 0  
minutes i n  a 100 minute per iod .  
3-18 
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13.4.8 I f  both t h e  MSS and TM ins t ruments  are ON and d a t a  is being r ece ived  by 
t h e  TDRSS G / S ,  de-energizing t h e  MSS can came t h e  TDRSS G/S t a  drop-out: end re* 
conf igure .  Therefore ,  t h e  B S S  is n o t  t o  be &-energized i f  t h e  TM is  on. 
13.5 EDUNDANCY/CROSS STRAPPING 
The implementation of  t h e  WBCS of  the  widebatid communi.cation subsystem (WSCS) is 
h igh ly  redundant w i th  t h e  except ion  of t hose  elements  i d e n t i f i e d  i n  Table  13.5-1 
as s i n g l e  po in t  f a i l u r e  items. Table 13.5-2 provides  a l i s t  of t h e  meaning of 
t h e  va r ious  s i n g l e  p o i n t  f a i l u r e  c l a s s i I i c a t i o n s .  
Most of t h e  redundancy i n  t h e  WBCS i s  provided as separate primary and s e p a r a t e  
redundant component assembl ies  except  f o r  t h e  gimbal d r i v e  e l e c t r o n i c s  (GDE) , 
t h e  DSU, and t h e  power swi tch ing  u n i t  (PSU). Each of these  func t ions  are s i n g l e  
component assembl ies  w i th  each device con ta in ing  both  t h e  primary and redundant 
func t ions .  
Crass  s t r a p p i n g  i s  p-ovided by c o a x i a l  and KU-band waveguide t r a n s f e r  swi tches .  
The c o a x i a l  l a t c h i n g  t r a n s f e r  swi tch  is  a four -par t ,  two-position RF t r a n s f e r  
swi t ch  a c t u a t e d  by a command pulse .  The waveguide t r a n s f e r  swi t ch  is a l s o  B 
f o u r  p a r t  two p o s i t i o n  swi tch  a c t u a t e d  by c? command pulse .  
The X-band waveguide c i r c u l a t o r  swdtch con ta ins  no moving parts. It con ta ins  
t h r e e  portf i ;  one output  ( o r t  m d  two i n p u t  p o r t s  f o r  t h e  redundant X-band TbJTA. 
It  conve r t s  t h e  RF output  of t he  a c t i v e  TkTA t o  t h e  X-band lnwpasa f i l t e r  whi le  
d i sconnec t ing  t h e  i n a c t i 7 e  TWTA. 
Figure  13.5-1, 13.5-2 and 13.5-3 i l l u s t r a t e  t h e  redundancies f o r  t h e  Ku-Band and 
X-Band downlinks, t h e  a u t o t r a c k ,  and power supply  r e spec t ive ly .  It should be 
pointed ou t  t h a t  i n  t h e  contex t  of F igu res  13.1-7, 13.1-8 and 13.1-9, "passive" 
redundancy impl i e s  a swi tch  e x i s t s  in t h e  c i r c u i t ,  whi le  "ac t ive"  imp l i e s  t h a t  
t h e r e  is  no swi t ch  i n  t h e  c i r c u i t ,  and "dedica ted"  imp l i e s  t h a t  t h e r e  i e  no 
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Table  13.5-1. Meaning of  S l n g l e  Po in t  F a i l u r e  C laas i f  i c a t i o n  
C l a s s i f i c a t i o n  
Category and Level  Me a n i  ng Subsystem Condit ion 
Subsystem electr ical  Catas t r o p h i c  W i l l  cause l o s s  of  t o t a l  
wideband communication power f a i l u r e  
sabsystem Ku and X-Band 
transmf s s i o n s  
C r i t i c  a1 W i l l  cause s i g n i f i c a n t  Ku-Band X-Band 
l o s s  .tf e i t h e r  t r ansmi t  
- or  backup c a p a b i l i t i e s .  
trtansni t f u n c t i o n  f a i l s ,  
bu t  not both. 
Lass of e i t h e r  TM 
MSS d a t a ,  but  not bo th .  
Simultaneous l o s s  of 
backup redundancy i n  
Ku-Band and X-band 
t r a n s d  t d e s i g n s  
?!ajar h Y P Z  cause l o s s /  Loss of aueo t r ack  
degrada t ion  o f  stibsystem system c a p a b i l i t y  
funct iozmi c a p a b i l i t i e s  
LOGS of c a p a b i l i t y  eo 
t u r n  o f f  component 
which consumes 
s i g n i f i c a n t  power 
(e.$., i n d b i l i t y  t o  
t u r n  o f f  TWTA would 
negate  use of s tandby 
node). 
Sign i f i c a  n t 
degradat ion i n  
c r i t i c a l  l i n k  
perf omA nce 
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Table  13.5-2. S i n g l e  Po in t  F a i l u r e  Items 
I Subsystem 
Function I t e m  Desc r ip t ion  Quant i ty  C l a s s i f i c a t i o n  
Ku and X-Band Transmit None 
TM Data None 
MSS Data None 
Ku-Band Transmit - Ku-Band WG Switch 
- Diplexer/LP F i l t e r  - Ku-S-Band Antenna 
(Rocor-Port >* 
X-Band Operat ion - WG C i r c u l a t o r  Switch 
- LP F i l t e r  - X-Band Antenna 
( F e r r i t e  Switch) 
Ku-Band Autotrack - Ru S-Band Antenna - Bybrid Coupler  - Magic Tee Coupler - Phase S h i f t e r  - Diplexer  - 10 dB Coupler - WG Trans fe r  Switch - Cable Wrap Assembly 

















Catas t roph ic  
c a t a s t r o p h i c  
Ca ta s t roph ic  
Crit ical  
Crit ical  
C r i t i c a l  
C r i t i c a l  
Crtt lcal .  
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13.6 CONMAND (WBCS) 
The wideband communication subsystem u s e s  both d i s c r e t e  and serdal d i g i t a l  
commands. 
13.6 -1 PSU DISCRETE C O W D S  
The d i s c r e t e  commands are t r a n s d t t e d  d i r e c t l y  from t h e  RIU-9 t o  t h e  power 
swi tch ing  u n i t  (PSU). The PSU performs c o n t r o l  funct iono or causes  swi tch ing  of 
secondary All even numbered commands are ass igned  t o  
primary f u n c t i o n  and odd numbered commands t o  redundant func t ions .  Table 13.6-1 
provides  a l i s t i n g  of t h e  WBCS d i s c r e t e  commands, and Table 13.6-2 i s  a l i s t i n g  
of PSU (only)  d i s c r e t e  commands. 
power t o  t h e  using u n i t s .  
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13.6.3 GDE DISCRETE C O W ? D S  
GDE d i s c r e t e  commands arc shown i n  Taole 13.6-4. 
Table 13.6-4. CDE Discrete Commaads 
I 1 
R I U  CMD 
CH. NO. Command Naue 
0930 
0959 
GDE PRIME DATA CONVERT 
GDE REDUND DATA CONVERT 
13.6.4 GDE SERIAL. D I G I T A L  COMIANDS 
The motor d r i v e  e l e c t r o n i c s  of t h e  gimbal d r i v e  e l e c t r o n i c s  (GDE) r e c e i v e s  from 
R I U  9 a primary and redundant serial  d i g i t a l  command. These commands are used 
t o  c o n t r o l  t h e  gimbal drSve n o t a r s .  Figure 13.6-2 descr ibe3  the  decoding of the 
.fa . serial d i g i t a l  commands i n t o  t h e  incrementa l  d r ive  pulses. R I U  9 A j 9 B  are  
I ' P  d i r e c t l y  connected with each CEE which i a  I n t e r n a l l y  cross-s t rapped.  Table 
13.6-5 is a l i s t i n g  of GDE s e r i a l  d i g i t a l  coolmancis. 
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Table  13.6-5 GDE S e r i a l  D i g i t a l  Commands 
Magnitude 
Command Command 
0 0 D 4  
0036 






0 0 4 9  
OOC5 
0 0 6 D  
00E3 
GDE/MDE P R I  ON 
GDF./MDE P R I  OFF 
P R I  GDE/MDE P R I  POWER ON 
P R I  GDE/MDE P R I  POWER O F F  
GDE/RPE P R I  ON 
GDE/RPE P R I  OFF 
GDE/M.DE REDUh9 ON 
GDE/M.DE REDUND O F F  
REDUM) GDE/M.DE P R I  POWJZR ON 
REDUND GDE/MDE PRI POWER OFF 
G D E / W E  REDUND ON 
GDE/RPE REDUND OFF 
13.6.5 DSU SEPJAL CONXhNDS 
The d i g i t a l  swi tch ing  unit (DSU) r e c e i v e s  a p r i m r y  end redundant s e r i a l  d i g i t a l  
command. The DSU decodes and conve r t s  t h e  c e r i a 1  d i g i t s 1  commands i n t o  14  
equ iva len t  d i s c r e t e  commands t o  execu te  swi tch ing  of TM and MSS d a t a  t o  the KL- 
band system, o r  t h e  X-band system, or  both. Each RIU i s  connected t o  each DSU 
which i s  i n t e r n a l l y  cross-s t rapped.  Table  13.6-6 is a l i s t i n g  o€ DSU serial 
d i g i t a l  commands. 
Table  13.6-6. DSU S e r i a l  D i g i t a l  Commands 
Magnitude 
Cornma nd Command 
0 0 9 4  DSU P R I  ON 
005C DSU P R I  OFF 
O O C l  DSU RED?J%'L) ON 
0029 DSU KEDUND OFF 
L 1 
Figure  13.6-3 provides  the  DSU comuand and telelmetry format. 
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SERIAL DIGITAL COMJMNDS 
0975 
0976 
I L  X-BAND, BITS 13-12-11 
X X 1  X-BAND OFF 
000 TN ANI HSS Oet 
010 ~ ~ ' ~ ~ D  TI4 ON 
100 84 PM AND PES ON 




FIRST B I T  IN TIE, BIT 0 
BITS 0-7 DISCARDED 
KU-BAND, BITS 10-9-8 
000 Tt9 AND %S ON 
001 TR AflD TM ON 
010 84 PN AtiD MSS 
1 X X  KU-BAND OFF 
c 
00 DISABLE NOTE: X 81 DON'T C A R  BIT 
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13.6.6 SYSTEM RESPONSES TO THE LISTED CONMANDS 
The fo l lowing  s e t i o n s  d e p i c t  t h e  system response t o  t h e  v a r i o u s  comxnds- 
Schematic df agrams are provided t o  a33 i n  unders tanding t h e  response.  
The 8,ect ions are ar rsnged  i n  t h i s  order :  
1. Power C o r a e r t e r  
2. Command Decoder 
3. 
4. UQPSK Modulator 
5. DSU Cont ro l  
6. Ku-Band TWTA Cont ro l  
7. X-Band TWTA Control  
8. X-Band Waveguide Switches 
9 .  Ku-Band Upconverter 
Coaxial  Relays and Waveguide Switches 
10. Autotrack Receiver  
11. Heater Cont ro l  
12. X-Band TWTA Heater Cont ro l  
13. Autotrack Down Ccnverter  
15. Gimbal Drive Control 
16. Autotrack Combiner 
. I  14. Frequency Sources 
13.7 TELEMETRY (WBCS) 
Operat ion of t h e  WBCS i s  monitored by analog ,  pass ive  analog,  b f l e v e l  g a t e s ,  an& 
s e r i a l  d i g i t a l  t e l e m e t r y ,  which are shown in Table 13.7-1. Note t h a t  sample 
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